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Abstract 
This project is part of the global trend in functional food research and focuses on 
forming links between two important medicinal natural products for human health; 
medicinal plants and honey. The principal objective of this project was to produce a 
novel bioactive honey from medicinal plants using both conventional and alternative 
honey production methods under highly controlled conditions. Within this objective 
there were three sub-aims. The first was to select an appropriate medicinal plant for the 
work from three previously identified species, namely Korean mint (Agastache rugosa) 
(Fisch. & C.A.Mey.) Kuntze, Revis. Gen. Pl. 2: 511 (1891), Motherwort (Leonurus 
sibiricus) L., Sp. Pl.: 584 (1753) and Tulsi or Holy Basil (Ocimum tenuiflorum) L., Sp. 
Pl.: 597 (1753). Tulsi has been well researched compared to the other two species that 
have had only a few studies regarding their activity as medicinal plants. Examination of 
all species showed that Tulsi had the highest number of volatile bio-active compounds 
compared to the other two species and also had a much longest flowering period. These 
three criteria led to Tulsi being chosen for the production of bioactive honey. The main 
idea was that if the antioxidant, antimicrobial or other properties transferred from the 
plants into honey during, rather than after, production it would be a useful alternative to 
many pharmaceutical products currently available with fewer side-effects. The second 
aim of the work was to undertake a detailed study of Tulsi to identify and investigate 
the compounds responsible for its antibacterial and antioxidant activity. These bioactive 
compounds were studied in the leaves, inflorescence, essential oil and for the first time, 
the nectar, using Solid Phase Micro Extraction (SPME) Gas Chromatogram Mass 
Spectrometry (GC/MS). Moreover, the essential oil extracted from Tulsi and the leaf 
extracts were examined for both antimicrobial and antioxidant activity.  The third and 
final aim of the project was to produce bioactive honey from Tulsi using both 
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traditional and alternative honey production methods under highly controlled 
conditions, examine its antimicrobial and antioxidant activity and evaluate the factors 
contributing to their bioactivity. 
The results of the honey volatile compounds confirmed that HS-SPME could be used as 
a new and faster method suitable for the routine analysis of honey origin, and for 
assessing multiple samples in a short time. In addition, the floral and geographical 
origin identified by statistical data analysis could be used as an alternative to 
melissopalynology in the estimation of the origin of uni-floral honey. Furthermore, the 
data obtained from the volatile, mineral and phenolic analysis examined using Principal 
components Analysis (PCA) could be used with the volatile compounds to improve the 
identification of the botanical source of honey. Furthermore, the volatile compounds 
mode of transformation from plant into honey was addressed in this report by 
comparing their presence in the plant parts (floral origin) and in the honey produced 
from them. The main conclusion drawn from this analysis is that honey produced using 
the alternative honey production method has similar properties to other honeys, but 
better activity combining both medicinal plants and honey bioactive compounds. The 
formula used to make the novel bioactive honey from medicinal plant extract under 
highly controlled conditions assurances that the same honey can be reproduced 
consistently.  
The end result of the study is a novel medicinal scientifically-validated honey, produced 
from a medicinal plant with high bioactivities. This product could, potentially, add 
value to the therapeutic properties of both, the honey and medicinal plant industries. 
The value of honey may be increased if it is a scientifically-validated bioactive 
commodity. Medicinal plant growers will acquire a second income from the same 
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plants. Examine the possibility of using the new bioactive honey as a local antibiotic 
agent instead of existing antibiotics especially with increasing microbial resistance to 
antibiotics such as Methicillin-resistant Staphylococcus aureus (MRSA). The pollen 
substitute developed by this project provides a complex mixture which includes 
proteins, minerals, carbohydrates, and other nutrients to provide sufficient amounts of 
the requirements to enhance multiple generations of bees, which may help to overcome 
the serious issue of the dramatic decrease in numbers of bees worldwide. 
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Chapter 1  
 
Literature review 
1.1 Introduction 
In ancient cultures honey was not only used for nutritional purposes but also as a 
medicine. It was used as an ointment and a drug, as mentioned in the first written 
reference to honey in a Sumerian tablet dating back to 2100-2000 BC (Ernährung 
2000). Apitherapy is a branch of medicine developed in recent years which offers 
treatment for several diseases with bee products such as honey (Bogdanov 2011). 
Human and animal research to date indicates that the consumption of honey was shown 
to enhance immune system responses by increasing platelet and absolute neutrophil 
counts and stabilizing haemoglobin levels. It also lowers HA1c, blood glucose levels 
and triglyceride levels. Furthermore, it increases HDL cholesterol and reduces coughing 
in paediatric patients. Honey also has antioxidant, anti-inflammatory, antibacterial, 
antitumor, antiviral and anti-browning activities (Viuda-Martos et al., 2008).  
The antimicrobial activity of honey has been comprehensively reviewed (Molan 1992a; 
Molan 1992b, Al-Waili et al., 2011). In summary, many factors are responsible for the 
antibacterial activity of honey, such as the osmotic effect of sugars, honey acids, pH, 
carbohydrates, proteins, phenolics, Maillard products, antibiotic-like peptides, hydrogen 
peroxide and other non-determined substances. Some of the antimicrobial activity 
originates from plants, such as phenolics and volatile compounds, and some originate 
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from the bees, such as honey acids, defensin-1, the peroxide-producing carbohydrates, 
enzymes, and antibiotic-like compounds. Others may be formed through honey storage, 
like Maillard products.  The peroxide activity opposing the non-peroxide activity can be 
destroyed by light, by storage and by heat. For that reason, only unheated and fresh 
honey has optimal antibacterial activity (Bogdanov et al., 2001).  
In recent decades, scientists have recognized that the effective life span of any 
antimicrobial agent is limited, due to the increasing development of resistance by 
micro-organisms. Skin and soft tissue infections (SSTIs) are the cause of considerable 
morbidity and cost to the community.  Major causes of these infections are S. aureus, P. 
aeruginosa and E. coli (Moet et al., 2007, Dryden 2010, 2009). Although infections are 
often mild or moderate in severity, severe cases may require hospitalization and 
treatment with oral or parenteral antimicrobial agents. For instance, in 1995 more than 
43,000 patients required hospitalization for the treatment of SSTI in Scotland and 
300,000 in the United States (Eron et al., 2003). In recent years, SSTIs have become 
more difficult to manage due to the increasing occurrence of multidrug-resistant 
pathogens. To avoid the expansion of multidrug-resistant pathogens clinically, it is 
essential to differentiate between SSTIs which require antibiotic treatment and those 
that do not. A recent survey in Europe reported that a major percentage of physicians 
prescribe systemic antibiotics for the treatment of conditions, such as MRSA-colonized 
ulcers or broken skin surfaces, that do not require systemic antibiotics (Dryden 2010). 
Honey, essential oil or its components may be valuable agents for the treatment of mild 
or moderate skin infections or colonized ulcers, preventing progression to more serious 
infections and minimizing unnecessary antibiotic use and the associated development of 
resistance. Consequently, numerous studies have been conducted to find new alternative 
sources of antimicrobial agents. Early treatment or preventative measures may halt 
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progression to more serious infections requiring systematic antibiotic therapy, and 
reduce the risk of the development of resistance to valuable antibiotics.   
It has been hypothesized that oxidative stress is the main factor in the development of 
numerous chronic and degenerative diseases (Pham-Huy et al., 2008). It can lead to 
oxidative damage to large bio-molecules such as proteins, DNA and lipids, and 
consequently creates increased risk of cardiovascular disease (CVD), inflammatory 
diseases, diabetes, cancer, cataracts, age-related functional decline and Alzheimer’s 
disease (Krishnaiah et al., 2011). Antioxidants are useful in the treatment of many of 
these diseases, because they reduce the oxidative stress in cells. According to Winston 
(1999), the World Health Organization (WHO) estimated that 80% of the earth’s 
inhabitants rely on plant extracts and their active components. Moreover, honey is 
becoming increasingly popular because of its potential role in contributing to human 
health, especially as a rich source of phenolic compounds, which act as natural 
antioxidants (Bogdanov 2011).  
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1.2 Nectar and pollen 
Nectar is a supersaturated sugar solution containing high amounts of sucrose ranging 
from 57.8 to 88.6 % and lower amounts of glucose and fructose, both forming as much 
as 25% of the total sugar in nectar (Perret et al., 2001). Water is also present in high 
amounts up to 80% in nectar, whereas honey should has less than 18.6% water by 
weight of honey (Cooper 2008). Forager worker bees digest by mixing nectar with 
enzymes and concentrate the nectar in order to convert it into honey through a series of 
regurgitations and ingestions during their flight back to the hive (Figure 1-1). After that, 
the worker bees transfer the material to the house bees which transfer the digestive 
materials into a waxy honeycomb to ripen (Naef et al., 2004). House bees start the 
ripening process and fan their wings to evaporate the water and concentrate the honey 
and to keep the colony temperature constant (Starks et al., 1999). When honeycombs 
are filled and have reached the desired concentration, the bees start the capping process. 
Once the honeycombs are capped with wax that means the honey is fully ripened and 
ready to harvest.  
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Figure 1-1: Showing nectar composition and the enzymes present in worker bee’s 
stomach which is responsible to convert nectar into honey. 
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Honey bees collect both nectar and pollen from flowers for use as a food source. They 
digest the nectar to produce the energy required for activities such as flight and heat 
production. Pollen is also a very important food in the bee colony as it is a rich source 
of proteins that play a critical role in brood development (Standifer 2007). Bees collect 
pollen from flowers and keep it on their “pollen baskets” or corbicula, which are 
specialized structures on the bees’ hind legs.  Back in the hive, the worker bees store the 
pollen in the honeycomb cells and prepare it for long storage by adding enzymes and 
acids which protect the pollen from any bacterial activity. Stored pollen is known as 
“bee bread”. This bee bread is used by house bees to feed immature broods and 
emerged bees so they can complete development to adult bees. The level of proteins in 
pollen is important, as high protein pollen increases worker bee longevity, whereas a 
low level of proteins reduces brood rearing (Ellis et al., 2010).  
The naturel food for adult bees is nectar and pollen or honey. However, when nectar 
sources are lacking, bees collect sugars from any available source, such as honeydew, 
sweet-tasting juices from overripe fruits and plant exudates and store them in the hive. 
Likewise, when pollen is lacking, bees collect spores from plants or powdery animal 
feed and store them in the hive. They have been found to have some food value but are 
a poor substitute because they do not sustain brood rearing (Standifer 2007). For 
optimum nutrition, honey bees require carbohydrate, proteins, amino acids, lipids, 
minerals, vitamins and water. Supplementary feeding of honey bee colonies has 
increased in recent days especially as modern land-use practices have reduced the 
availability of natural nectar and pollen sources. 
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As common beekeeping practice, beekeepers provide their bees with supplemental 
foods in order to maintain colonies with high population for many purposes such as 
increase honey production, pollination of crops, queen and package-bee production and 
others (Standifer 2007). The optimum nutrition for honeybees, require comprising 
carbohydrates (sugars), proteins (amino acids), lipids (fatty acids, sterols), minerals, 
vitamins and water. For pollen substitute brewer’s yeast, soybean flour or wheats can 
fed to bees singly or in mixture. A definite qualitative and quantitative ratio of these 
nutrients is necessary for growth and development of individuals and reproduction of 
the colony (Standifer 2007). The choice of sugar to use in the sugar syrup depends 
partly upon the cost of sugar. Honey can be used however it is comparatively expensive 
and may transmit bee diseases. There are several commercially available pollen 
substitute diets available in the market and in different beekeeping website. However, 
so far only a few commercial pollen substitutes have been evaluated for their effect on 
consumption and colony bees growth (brood and adult populations) (Degrandi-Hoffman 
et al., 2008; Standifer et al., 1970). 
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1.3 Honey compositions and their involvement either in antibacterial 
or antioxidant activity  
1.3.1 Carbohydrates in honey 
 Honey is comprised of a complex mixture of chemicals, and has been predicted to 
include a minimum of a hundred compounds (Brudzynski et al., 2011a) with 
carbohydrates as the main component, which consist of almost 95 g per 100 g of dry 
material (Alissandrakis et al., 2005). It contains fructose and glucose which are present 
in very high amounts of approximately 38% and 31% respectively and very low 
amounts of sucrose, normally less than 2 % (Gheldof et al., 2002). Fructose and glucose 
concentration in addition to their ratio are valuable indicators of unifloral honey’s 
classification (Oddo et al., 2004; Oddo et al., 1995). In addition, there are other sugars 
present in honey in small concentrations, such as trisaccharides and oligosaccharides 
(Kaškonienė et al., 2010b).  
The high osmolality of honey has been suggested to contribute to its antibacterial 
activity due to its hypotonic effect leading to bacterial cell walls bursting (Corner et al., 
1969). A second suggestion is that the sugar molecules bind to the water molecules so 
that bacteria have insufficient water to grow (Molan 1999).  However, artificial honey 
made by mixing the main sugars in honey (glucose, fructose, sucrose and maltose) loses 
its antibacterial activity with dilution whereas honey retains it. This indicates that other 
compounds present in honey enhance the antibacterial activity of honey (Cooper 2008; 
French et al., 2005; Cooper et al., 2002). 
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1.3.2 Moisture content in honey 
The moisture content is one of the important quality parameters in the honey industry as 
affects the shelf life of the honey. When honey’s moisture content exceeds the standard 
level it is liable to “ferment” (Doner 2003). Although the moisture content is achieved 
during the bees’ natural capping process, some beekeepers extract honey before it is 
fully capped to speed up production and increase the amount of honey produced. 
Moreover, during commercial processing the moisture content can be artificially 
changed by heating the honey (Bogdanov et al., 2004). However, the heating time, 
temperature and amount of heat should be carefully considered as heating most likely 
decreases honey’s bioactivity by decreasing the amount of valuable volatile bioactive 
compounds and others. Furthermore, heating the honey might decrease the water 
content to below under the standard level which increases granulation (crystallization of 
glucose) (Doner 2003). 
1.3.3 Proteins in honey 
Honey contains about 0.5% proteins, mainly in the form of amino acids and enzymes 
(Bogdanov, 2011). Between 11 and 21 free amino acids are added by the bees to honey, 
with Proline as the main one that forms 50% of the total amino acids (Kaškonienė et al., 
2010a; Bogdanov et al., 2004; Anklam 1998). There are different enzymes originating 
in honeybees’ stomachs the most important ones being invertase, glucose oxidase and 
diastase (amylase). These enzymes play an essential role in the honey ripening 
procedure from nectar. The glucose oxidase is secreted by the hypopharyngeal gland 
and is responsible for converting some of the glucose into hydrogen peroxide and 
gluconic acid. The invertase enzyme hydrolyses sucrose into fructose and glucose 
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(Ohashi et al., 2000; Ohashi et al., 1999). Moreover, the invertase enzyme catalyses 
further reactions in order to form numerous minor sugars in honey from sucrose.  The 
third main enzyme in honey is diastase (amylase) which degrades glycogen or starch 
into minor sugar (Bogdanov 2011). It is added to honey by bees during the ripening 
process, but its role has not been clarified yet as starch is not one of the components of 
nectar. The activity of diastase can be easily destroyed by heating and is easily 
measured. Therefore, it has been used for a long time as a predictor of the amount of 
heating that honey can be exposed to. Conversely, since its level is significantly 
decreased by the storage period it is difficult to make a final judgment (Doner 2003). 
The reaction between the amino acids and sugars in honey creates brown or yellow 
colour that likely to be responsible for the darkness of the honey (Doner 2003).  
Hydrolysis usually means the cleavage of chemical bonds by the addition of water. 
Hydroxylation activity plays a vital role in converting nectar to honey inside the bee’s 
stomach by the invertase enzyme that hydrolyses sucrose to glucose and fructose.  
1.3.4 pH and acidity in honey 
Most honeys have acidic pH values ranging from 3.3 to 5.5 (Doner 2003). Bogdanov 
(1997) determined that antibacterial activity did not correlate with honey’s pH. The 
acidity of honey is due to the presence of different organic acids such as gluconic acid. 
Gluconic acid (the oxidation of glucose) is the major acid produced in honey by the 
action of glucose oxidase as mentioned above (White  et al., 1963). Other acids have 
been reported in honey but at lower amounts, such as acetic, lactic, formic, succinic, 
tartaric, maleic, butyric, pyroglutamic, citric, malic, oxalic, 6-phosphate, glycolic, a-
ketoglutaric, pyruvic and 2- or 3-phosphoglyceric. However, as honey is mostly 
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composed of sugars at 95% of the total solid, the flavour contribution of acids to honey 
is not notable (Doner 2003).  
The acidity of honey is a very important factor that protects honey from fermentation by 
microorganisms (White et al., 1980). The low acidity and water availability with high 
sugars contents and hydrogen peroxide are mainly responsible for the stability of honey 
to avoid fermentation (Doner 2003). Although, the acids in honey form only 0.5% of 
the total solids but it contributes even at this level into the stability of honey against 
microorganisms. 
1.3.5 Minerals in honey 
The mineral compounds in honey are described as the total ash content, which is 
present in honey at percentages ranging between 0.02% and 1%. Generally, darker 
honeys are demonstrated to have greater amounts of ash in comparison to lighter honey 
(Feller-Demalsy et al., 1989; Gonzalez-Miret et al., 2005; Sevlimli et al., 1992, cited in 
Bogdanov et al., 2007). Overall, potassium is the predominant compound in honey that 
accounts for about one third of the total. In addition, there are other trace elements such 
as manganese, copper, iron, chlorine, sulphur, silicon, phosphorus and others which 
vary significantly in different honey types (Doner 2003). Therefore, the mineral 
contents have been recently used as discernment factors for uni-floral honeys and as 
geographical markers. The mineral content of honey is determined by radio-activation 
(Sevimli et al., 1992). However, inductively-coupled plasma mass-spectrometry (ICP-
MS) analysis has recently become very popular for the same purpose (Bogdanov et al., 
2004; Caroli et al., 1999).  
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Bogdanov et al., (2007) summarised the factors responsible for the differentiation in the 
composition and percentages of the mineral compounds in honey. Three factors affect 
the trace element content of honey: the botanical origins, the geographical origins and 
environmental effects (Bogdanov et al., 2007; Nanda et al., 2003). Furthermore, they 
claim that the substantial statistical variations in honey from different origins are 
possibly due to differences in their botanical origin stemming either from natural 
sources such as nectar, pollen, leaves and soil, or anthropogenic sources such as 
possible air or soil contaminants. Lastly, these researchers advised that the mineral 
content of honeys from different origins should be analysed with a greater number of 
samples to obtain conclusive findings. Since then different studies all over the world 
have been performed to analyse uni-floral honey from different origins using highly 
advanced instruments such as ICP-MS and ICP-OES (inductively coupled plasma 
optical emission spectrometry) which allow the identification of both trace and heavy 
elements (Madejczyk et al., 2008).  In addition, for interpretation of the obtained data, 
basic statistical and multivariate procedures should be used, such as cluster analysis 
(CA), principal components analysis (PCA) using different statistical packages (Chua et 
al., 2012; Chudzinska et al., 2010; Devillers et al., 2002). Such analytical procedures 
should be used for data analysis of honey since they have been shown to be 
indispensable in the analysis of complex data obtained from advanced analytical 
chemistry instruments (Corbella et al., 2006). 
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1.3.6 Phenolic acids and flavonoids in honey 
The antioxidant activity of honey was predicted based on the total phenolic content and 
honey colour. Different studies have examined several uni-floral honeys for antioxidant 
activity and have found high correlations between it and the total phenolic content ratio 
and honey colour (Aljadi and Yusoff, 2004; Berenbaum 1998; Bertoncelj et al., 2007; 
Blasa et al., 2006; Gheldof and Engeseth, 2002, Estevinho et al., 2008; cited in 
(Brudzynski et al., 2011b). Moreover, phenolics have been isolated from honey and 
examined for antibacterial activity, and were inhibit the growth of bacteria to various 
degrees (Aljadi and Yusoff, 2003; Estevinho et al., 2008; Russell et al., 1990; Weston 
et al., 2000, cited in Brudzynski and Miotto 2011). 
Amiot et al., (1989) demonstrated that lighter coloured honey has fewer phenolic 
compounds than darker honey, but instead contained more flavonoids. Generally, most 
of the phenolic acids and flavonoids come from plants, although some come from bees 
(Alissandrakis et al., 2003; Cepurnoi 2000). Phenolic acids and flavonoids are groups 
of secondary metabolites plants derivative found in all plants parts including seeds, 
leaves, flowers, nectar, stems, nuts, tea, fruit and vegetables (Cushnie et al., 2005). As 
phenolic acids and flavonoids are transferred into honey from the nectar, different uni-
floral honeys have particular phytochemical profiles, depending on their botanical and 
floral origin. Consequently, recent studies have examined the possibility of using the 
phenolic acid and flavonoid compounds as chemotaxonomic floral markers for the 
identification of the botanical origin of uni-floral honey (Bogdanov et al., 2004). For 
example, the examination of different uni-floral honey has displayed definite flavonoid 
profiles (Kaškonienė et al., 2010a).  
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Propolis, a resinous mixture that honey bees collects from sap flows, tree buds, or other 
sources is high in flavonoids. Marcucci (1995) has reported that bees use propolis as an 
antimicrobial agent to protect their hive from any antimicrobial contamination. An 
extensive review by (Burdock 1998) demonstrated that propolis has significant 
antibacterial activity against some gram- positive and gram-negative yeasts and fungi, 
as reported in previous research over many years. For example, (Grange et al., 1990) 
examined the antibacterial activity of propolis and found good antibacterial activity 
against gram-positive bacteria but less activity against gram- negative bacteria and they 
correlated it to its high flavonoid content. Ferreres et al., (1992), examined the 
flavonoids in the propolis and "La Alcarria" honey from the same hive using High-
Performance Liquid Chromatography (HPLC) and found that they were highly similar. 
However, their amounts were 1000 times higher in propolis than in honey.  
Flavonoids are described as the major class of phytochemicals in honey, such as 
quercetin, kaempferol, luteolin, chrysin, pinobanksin, galangin, and pinocembrin 
(Gheldof et al., 2002). Antimicrobial research on flavonoids has attracted increasing 
attention in recent years, particularly on their antibacterial, antiviral, and antifungal 
effects. In addition, many research studies have focused on the identification of the 
chemical structure and the interaction between active flavonoids and among flavonoids 
and existing chemotherapeutics (Cushnie et al., 2005). Although there have been 
extensive inconsistencies in the antimicrobial results of flavonoids in different studies 
due to the variations in susceptibility testing, the relationship between the antibacterial 
activity and flavonoid structure is highly consistent (Cushnie et al., 2005). Overall, we 
can conclude that the flavonoid content may contribute to the antibacterial activity of 
honey but the contribution is minor compared to that of hydrogen peroxide due to their 
low quantities in honey (Cushnie et al., 2005).  
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The biological activity of honey is influenced by its phytochemical composition, and 
the same compounds have been identified typically to possess both antimicrobial and 
antioxidant activity. For instance, in Manuka honey methyl syringate, cinnamic acid, 
syringic acid, caffieic acid and others are described by (Gheldof et al., 2002) as 
antioxidants, whereas (Weston et al., 1999) define them as antibacterial agents 
(Kaškonienė et al., 2010a). The antioxidant activity of honey is attributed essentially to 
the flavonoids and phenolic acids and research into these compounds has become an 
interesting topic in recent years (Alvarez-Suarez et al., 2009).  
A significant correlation between the antioxidant activity and the total phenolic content 
in honey was found (Al-Mamary et al., 2002). Numerous honey studies determine the 
total phenolic content of honey using the Folin-Ciocalteu colorimetric assay reviewed 
by Alvarez-Suarez et al., (2009). However, there are many disadvantages of using 
colorimetric assays, especially in the presence of high amounts of sugar. For that 
reason, the Folin–Ciocalteu reagent (FCR) used in this assay has low specificity as it 
reacts not only with the oxidisable phenolic hydroxy group but also with many non-
phenolic compound-reducing elements such as Cu(I), Fe(II), ascorbic acid, aromatic 
amines , sugars etc.,  and produce colour reaction. Therefore, several authors (Alvarez-
Suarez et al., 2009; Prior et al., 2005; Singleton et al., 1999) consider this assay to be 
inappropriate for the determination of the total phenolic content in honey, unless 
interfering compounds such as sugars and others are removed. Although different 
methods, including chromatographic and spectrophotometric assays, have been used for 
the determination of the composition of total extractable phenolic compounds in honey, 
HPLC analysis for the quantification of the phenolic compounds is considered the best 
method (Alvarez-Suarez et al., 2009).   
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1.3.7 Volatile compounds in honey 
More than 600 volatile compounds have been identified in honey, most of which have 
shown to be characteristic for uni-floral honey (Weston 2000). Each uni-floral honey 
has its own individual flavour and aroma that make it different in colour and 
composition (Baroni et al., 2006). This difference correlates significantly to its 
botanical floral origin (Alissandrakis et al., 2003). Recently, researchers have begun 
examining the volatile compounds of uni-floral honey and the source plant to identify 
similar volatile compounds in each. For example, Alissandrakis et al., (2007) isolated 
the volatile compounds from citrus honey and the citrus flowers.  Similarly, Amtmann 
(2010) examined the aroma chemical relationship between goldenrod flower (Solidago 
canadensis L.) and its uni-floral honey using GC-MS. In separate research, 
Alissandrakis et al., (2011) investigated the volatile compounds from uni-floral chestnut 
(Castanea sativa L.) and Eucalyptus (Eucalyptus globulus Labill.) honeys and flowers. 
All research teams found that most of the volatile compounds detected were similar in 
both the honey and the flowers source, indicating that the volatile compounds in the 
honey originated from the plants. In addition, some volatiles may have been be added 
by the bees while processing the honey, as these volatiles are present in all honey types 
regardless of the floral source (Alissandrakis et al., 2003; Cepurnoi 2000).  
The volatile compounds in honey play a major role in the differentiation of uni-floral 
honey types and their botanical and geographical origins. In addition, the volatile 
bioactive compounds present have a highly specific profile in uni-floral honey and are 
likely to be a good representation of the fingerprint of uni-floral honey. They can also 
be used as a quality control predictor for heating treatment during honey manufacture 
(Manyi-Loh et al., 2011). Alternatively, Kaškonienė et al., (2010a) in their review 
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exploring a possible biochemical floral marker for honey recognized the difficulty in 
finding dependable chemical floral markers due to various factors involved in the 
discrimination of uni-floral honey using chemical analysis. These factors include 
collection season, geographical origin, processing, analysis techniques, mode of 
storage, bee species, and biochemical metabolism pathway in the bees’ stomach. 
Therefore, they recommended that, to be able to identify a reliable biochemical floral 
marker, a combination of different chemical class analyses should be considered 
involving a modern statistical data analysis program to facilitate the discriminant 
analysis of such complex data (Kaškonienė et al., 2010a). 
A number of research groups have explored the possibility of using aroma compound 
analysis, especially using GC-MS, for the identification of botanical floral markers 
(fingerprinting) of uni-floral honeys (Bicchi, Belliardo & Frattini, 1983; Bonaga & 
Giumanini, 1986; Bonseta, Collin & Dufour, 1992; Graddon, Morrison & Smith, 1979; 
Rowland et al., 1995; Tan et al., 1988, 1989, 1990; Wilkins et al., 1993, cited in 
Weston 2000). Different volatile compound extraction methods have been used before 
testing the honey using GC-MS in order to isolate them from the complex mixture of 
sugars with only a few volatile compound (Soria et al., 2008). Some examples include 
simultaneous steam distillation–extraction (SDE) (Alissandrakis et al., 2005; Bicchi et 
al., 1983; Bonaga and Giumanini, 1986), solvent extraction (SE) (Bicchi et al., 1983; 
D’Arcy et al., 1997; Rowland et al., 1995), static headspace, mixed procedures based 
on SE followed by SDE (Bicchi et al., 1983; Bouseta and Collin, 1995), solid-phase 
extraction, solid-phase dynamic extraction (SPDE) and solid-phase micro-extraction 
(SPME) (Baroni et al., 2006; Castro-Vázquez et al., 2003; de la Fuente et al.,2005; 
Pérezer et al., 2002; Piasenzotto et al., 2003; Soria et al., 2004; 2003, cited in  Soria et 
al., 2008). Cuevas-Glory et al., (2007), reviewed the volatile analytical methods for 
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determining the botanical origin of honey. Comparisons of alternative reliable methods 
used for the analysis of the volatile compounds in honey indicate that solid phase 
micro-extraction gas chromatography (SPME/GC) methodology is the technique of 
choice (Cuevas-Glory et al., 2007). Solid phase micro-extraction (SPME) has many 
advantages over the previously mentioned techniques, the main one being that it 
eliminates the use of toxic organic solvents such as n-hexane, chloroform and acetone 
(Manyi-Loh et al., 2011). However, like any method, it has both advantages and 
disadvantages. The main drawback of this method is the cost of the fibre as it cracks 
easily and needs to be replaced often (Bogdanov et al., 2004). There are three methods 
for sampling using SPME techniques, including Headspace (HS), direct extraction and 
extraction with membrane protection (Manyi-Loh et al., 2011). Headspace (HS) is easy 
to perform as is undertaken on untreated samples (Piasenzotto et al., 2003) and the 
volatile bioactive profile is close to sensory perception (Kaškonienė et al., 2008). It also 
prevents the formation of artificial compounds such as pyran and furan derivatives 
(Piasenzotto et al., 2003). There are also different parameters affecting the volatile 
compound profile using HS-SPME/GC-MS such as the fibre coating, extraction time 
and temperature, and sample matrix (Peña et al., 2004). Therefore, further optimization 
requires insuring the highest recoveries of honey volatile compounds including both 
low and high molecular weight compounds (Piasenzotto et al., 2003).  
Different fibre coatings have given different volatile profiles in different studies. SPME 
was first applied to uni-floral honey from Italy by Guidotti et al., (1998), using a poly 
dimethylsiloxane (PDMS)-coated fibre. Peña et al., (2004) also used a PDMS fibre 
followed by gas chromatography (GC-MS) for the determination of the monoterpenes 
in honey. Ruoff et al., (2003) used a triple phase divinylbenzene /carboxen/ 
polydimethylsiloxane (DVB/ CAR/ PDMS) fibre and established that the volatile 
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compounds extracted using this fibre was more than other SPME fibres.  Moreover, 
Baroni et al., (2006) used HS-SPME-GC-MS and a DVB/CAR/PDMS fibre for five 
different uni-floral honeys. For the statistical analysis they used hierarchical cluster 
analysis (HCA), K-nearest-neighbour (KNN) and step-wise discriminant analysis 
(SDA) to analyse the data obtained using the previous method. They indicated that the 
described method especially the use of such fibre allowed them to identify several 
volatile constituents, many of which have been identified by different studies and some 
of which had never previously been reported as a floral marker for such uni-floral 
honey. The researchers claimed that the floral marker identified by statistical data 
analysis could be used as an alternative method to melissopalynology for the estimation 
of the botanical origin of uni- floral honey.   
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1.3.8 Hydrogen peroxide in honey 
Hydrogen peroxide has been identified as the major contributor to the bioactivity of 
honey. Therefore, this section focuses mainly on the role of hydrogen peroxide in both 
antimicrobial and antioxidant activity. Hydrogen peroxide was described for the first 
time in honey by Dold and his colleagues (Dold et al., 1937) as ‘inhibine’. After 
examination of the antimicrobial activity of diluted unheated honey, they described 
inhibine as “natural heat-labile, somewhat light-sensitive and retained by bacterial 
filters” (White et al., 1963). Gauhe (1941) discovered that glucose oxidase is produced 
in the bee’s stomach by the hypo-pharyngeal glands, although she did not determine its 
presence in honey. This discovery provided the impetus to White et al., (1963) to 
identify the ‘inhibine’ as the hydrogen peroxide and its origin is glucose-oxidase system 
in honey. Another significant finding of (White et al., 1963) study was the 
establishment of the relationship between catalase and H2O2. They demonstrated that 
the amount of catalase required destroying the amount of H2O2 in honey far too high 
compare to its amount in honey. Moreover, Dustmann (1971) demonstrated that 
catalase is introduced into honey from pollen which is collected by bees then mixed 
with honey. The amount of catalase activity found in nectar is very low compared to its 
activity in pollen. Also, honey has higher H2O2 concentration when catalases are 
removed from it. Honey demonstrates higher activity when the level of glucose oxidase 
is higher than the level of catalase (Dustman 1971). Since glucose oxidase is produced 
by the honeybee it might be predicted that the level of peroxide activity is similar in 
different honey types. However, as catalase is produced from pollen this varies 
depending on floral sources and the peroxide activities are varies consequently in 
honey. Therefore, the peroxidase activities are highly correlated with the amount of 
pollen in the honey, the catalase activity and the floral source of the pollen. However, 
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since 1971 no research has been conducted to determine the amount of catalase in 
pollens, which is a vital contributor to uni-floral honey’s activity (Weston 2000). 
Brudzynski’s research group focused on the role of H2O2 in honey especially as 
antimicrobial and antioxidant agent. Brudzynski (2006) examined the effect of H2O2 on 
the antibacterial activity of Canadian honey, and the concentration of H2O2 was 
measured in order to examine its effect on the antibacterial activity. White et al. (1963) 
clearly established the relationship between the concentration of H2O2 and the bacterial 
growth inhibition, glucose oxidase is inactive in undiluted honey, and after dilution the 
amount of the H2O2 produced from it increases gradually over incubation time. 
Similarly, Brudzynski’s research group found that the amount of H2O2 was increased by 
dilution, although they did not measure it over time. Moreover, they demonstrated the 
same finding that the amount of catalase applied to honey was not sufficient to destroy 
the 
H2O2
 completely. Brudzynski et al., (2012a) suggested that the “physiological levels” 
of H2O2 are not efficiently eliminated by catalase. Moreover, Brudzynski et al., (2011a) 
published a paper on the bacteriostatic and bactericidal activity of honey, the main aim 
of this study was to critically analyse the role of H2O2 as the main element responsible 
for the anti-bacterial activity of honey. However, they re-examined the amount of H2O2 
in the first stage of reaction directly after dilution and they contradicted the finding by 
White et al. (1963) about the increase of H2O2 over time. This may have significantly 
affected their results and the conclusion they drew. They based their argument on the 
strength of H2O2 used as a disinfectant in hospitals at a concentration of 0.8 - 8 M, 
which is 900-fold higher than its amount in honey.  In 2012 they published another 
paper, where they conclude that “the killing and DNA degradation showed a cause-
effect relationship” and the active part of bacterial DNA degradation was H2O2 
(Brudzynski et al., 2012b). In this study they measured the amount of hydroxyl group 
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(OH-) using fluorescence assay after 24 h incubation with the bacteria. However, by 
measuring the amount of (OH-), they found that there was no quantifiable connection 
between its concentration and the honey’s bactericidal activity. Therefore, they 
suggested that possibly other factors enhancing H2O2 DNA degradation, which are the 
connection chemistry between phenolics and H2O2 in honey, based on another study 
conducted in the same year (Brudzynski et al., 2012a). In that study they demonstrated 
the ability of phenolics extracted from honey to degrade plasmid DNA in the presence 
of Cu (II) and H2O2 (Fenton-type reaction), and this reaction mechanism is responsible 
for DNA degradation by honey. In another study, (Brudzynski et al., 2011b) established 
the influence of phenolics and Maillard reaction-like products (MRLPs) in the 
antioxidant and antibacterial activity of honey. Furthermore, the antibacterial activity of 
compounds made from the Maillard reaction has been shown to possess good activity in 
different model systems (Chevalier et al., 2001; Einarsson et al., 1983; Stecchini et al., 
1991, cited in Brudzynski and Miotto 2011). A major conclusion of the Brudzynski 
group studies is that honey is characterized by a complex combination of more than 100 
compounds, and the chemical interactions of those compounds lead to the antibacterial 
and antioxidant activity in honey. Further investigation is needed to confirm their 
finding, rather than concentrating only on the antibacterial or antioxidant activity of 
tested honey in comparison to other honeys as noticed in most current honey research.  
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1.4 Bioactive honey production from medicinal plants  
The use of medicinal plants in traditional medicine has been described in literature 
dating back several thousand years. Books on Ayurvedic medicine, written in the Vedic 
period (3500 - 1600 B.C.) describe practices, including the use of medicinal plants, that 
formed the basis of all other medical sciences developed on the Indian subcontinent 
(Pattanayak et al., 2010). In modern complementary and alternative medical practice, 
plants are the primary source of therapeutics and each part of the plant, including the 
seeds, root, stem, leaves and fruit, potentially contains bioactive components 
(Pattanayak et al., 2010). The main bioactive components in medicinal plants are 
considered to be combinations of secondary metabolites (Singh et al., 2010). There are 
many advantages and benefits associated with the use of medicinal plants, the main 
ones being their cost-effectiveness and global availability. Their safety compared to 
other medicinal products and the lack of major side-effects are other clear advantages 
(Singh et al., 2010). However, plant metabolism is very variable and before medicinal 
plant extracts or products are approved for primary health care, they need to be 
standardized, subjected to stringent quality control and assessed to ensure their safety 
(Pattanayak et al., 2010).  
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1.4.1 The medicinal properties of Ocimum tenuiflorum  
Among the medicinal plants, aromatic herbs are a rich source of biologically active 
compounds useful both in agriculture and medicine (Cutler et al., 1999; Mathela 1991). 
Of these, Ocimum tenuiflorum, also known as Ocimum sanctum, Tulsi, or Holy Basil 
from the family Lamiaceae has been described as the “Queen of plants” and the 
“mother medicine of nature” due to its perceived medicinal qualities (Figure 1-2) 
(Singh et al., 2010). It has been one of the most valued and holistic herbs used over 
years in traditional medicine in India and almost every part of the plant has been found 
to possess therapeutic properties (Singh et al., 2010). Traditionally, Tulsi is used in 
different forms; aqueous extracts from the leaves (fresh or dried as powder) are used in 
herbal teas or mixed with other herbs or honey to enhance the medicinal value. 
Traditional uses of Tulsi aqueous extracts include the treatment of different types of 
poisoning, stomach-ache, common colds, headaches, malaria, inflammation and heart 
disease (Pattanayak et al., 2010). Oils extracted from the leaves  and inflorescence of 
Tulsi have been claimed to have numerous useful properties, including as expectorants, 
analgesics, anti-emetics and antipyretics; stress reducers and inflammation relievers; 
and as anti-asthmatic, hypoglycemic, hepatoprotective, hypotensive, hypolipidemic and 
immunomodulatory agents (Singh et al., 2010).  
Several Indian scientists have examined pharmacological effects using different 
extraction methods such a steam distilled, benzene and petroleum ether extracts to 
extract different parts of Tulsi. Prakash et al., (2005), reviewed all the scientific studies 
of the therapeutic significance of Tulsi and eugenol. These pharmacological studies 
may be helpful to establish a scientific basis for the therapeutic use of this plant, 
especially in regard to the pharmacological effect on the central nervous system, 
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immune system, cardiovascular system, reproductive system, and the gastric and 
urinary systems. Oils extracted from the leaves  and inflorescence of Tulsi have been 
claimed to have numerous useful properties, including activity as expectorants, 
analgesics, anti-emetics and antipyretics; stress reducers and inflammation; and as anti-
asthmatic, hypoglycemic, hepatoprotective, hypotensive, hypolipidemic and 
immunomodulatory agents (Singh et al., 2010).  
 
Figure 1-2: Ocimum tenuiflorum L., Sp. Pl.: 597 (1753).  
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1.4.2 The medicinal properties of Agastache rugosa  
A. rugosa, known as Korean mint, is plant of the Lamiaceae family that is native to 
Korea, Japan, and China. It is widely distributed throughout East Asia and used as a 
traditional medicinal plant (Figure 1-3). It is also commercially cultivated for flavouring 
agents and as a source of food spice (Jun et al., 2010). Several studies have suggested 
that A. rugosa exhibits a variety of pharmacological and physiological activities, such 
as antifungal (Shin et al., 2003), antibacterial (Song et al., 2001), anticancer (Hong et 
al., 2001) and antiviral (Min et al., 1999) properties. It is used as a traditional herbal 
drug for the treatment of intestinal disorders, anorexia, and vomiting (Kim 2008).  
Furthermore, recent studies have shown that A. rugosa exhibits anti-inflammatory and 
anti-atherogenic properties, due to high levels of tilianin (Jun et al., 2010; Wilson et al., 
1992).  
The phytotoxic and antimicrobial activities of the essential oils from the leaves of A. 
rugosa could result from estragole, which is the predominant volatile compound, or 
estragole in combination with small quantities of terpenoids (Kim 2008). Korean A. 
rugosa plants are grouped into five chemotypes: methyl chavicol (= estragole), methyl 
eugenol, methyl eugenol plus limonene, menthone, and menthone plus pulegone (Chae 
et al., 2005). In addition, floral aromatic compounds are one of the main causes 
affecting the foraging choices of honeybees. Beker et al., (1989) demonstrated that the 
forager honey bees can differentiate between two different volatile chemotypes of the 
same plant species (Beker et al., 1989). Agastache species have been suggested for 
large-scale cultivation as a source of nectar for honey bees in different publications 
from many nations (Wilson et al., 1992).  
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Figure 1-3: Agastache rugosa (Fisch. & C.A.Mey.) Kuntze, Revis. Gen. Pl. 2: 511 
(1891).  
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1.4.3 The medicinal properties of Leonurus sibiricus  
Leonurus sibiricus, known as Motherwort, is a member of the family Lamiaceae and 
native to India and central and south-west Asia, including China, Mongolia, and Russia. 
However, it is naturalized in many other parts of the world, including South, North and 
Central America (Figure 1-4) (Rolim De Almeida et al., 2008). It is listed in the 
Chinese Pharmacopoeia and is one of the Korean traditional medicines. It is an 
important traditional Chinese medicinal herb, mostly used for the treatment of irregular 
menstruation such as menstrual pain and excessive bleeding (menorrhagia), and 
hemostasia, and the leaves cause uterine contractions (Islam et al., 2005).  
A number of research studies have been performed over years to assess the biological 
activities of L. sibiricus, particularly its influence on myocardial cells (Xia 1983), blood 
viscosity (Zou et al., 1989), the uterus (Shi et al., 1995), and the mammary glands 
(Islam et al., 2005; Nagasawa et al., 1989). An anticancer effect has been tested against 
human colorectal adenocarcinoma, lung carcinoma, endometrium malignant mixed 
mullerian tumor (Lee 2003). Its roots and leaves are a respiratory stimulant, and are 
used to treat inflammatory disease and they show an effect on immune cells like 
macrophages (An et al., 2008). 
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Figure 1-4: Leonurus sibiricus L., Sp. Pl.: 584 (1753).  
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1.5 Medicinal Honey Production Methods 
The bacteriostatic and bactericidal effects of honey against many pathogenic strains of 
gram-positive bacteria are very well documented in the literature, and the antibacterial 
effectiveness of different uni-floral honeys has been reviewed by Molan (2006). Honey 
concentrations that contribute greatly to the bactericidal action of honey vary between 5 
and 50%, but in general, the greater the concentration, the quicker the bactericidal 
action (Bogdanov 2011). Currently, Manuka and Revamil honeys are the two major 
medicinal honeys have been approved for clinical application that known as Medical-
Grade Honey (Kwakman et al., 2012).  
Three methods have been used to produce medicinal honey. Conventionally, the floral 
source of honeys is controlled by placing the hive near the desired species of plant. 
However, once the nectar around the hive is exhausted, the bees will expand their 
foraging perimeter so there is possibly contamination of nectar from flowering plants in 
the area (Adeva et al., 2012). Melissopalynology is a technique used to determine the 
origin of honey based on the type and amount of the pollen present. For uni-floral 
honey >45% of the pollen should be from the same plants (Louveaux, et al 1978). The 
quality and reproducibly of medicinal honey assessed using this method cannot be 
guaranteed. This means that, for instance, Manuka honey is produced from 
(Leptospermum scoparium) native to New Zealand and Australia (produced using the 
conventional method) in the market is ranked from UMF = 0 (Not detectable) to 20+ 
(Superior level with very high activity) based on the medicinal quality and pollen 
assessment. Unique-Manuka-Factor (UMF) is a quality trademark and grading system 
used to identify Manuka honey based on the antibacterial activity (Kwakman et al., 
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2012). Due to significant ‘batch-to-batch’ antibacterial activity variatiation, it is 
recommended to test individual batches for antibacterial activity (Allen et al., 1991).  
A second method for producing bioactive medicinal honey is via the conventional 
method but under controlled conditions such as a greenhouse, which provides an 
enclosed environment. This limits access to alternative plants and guarantees that the 
same honey can be reproduced consistently. The only honey produced using this 
method is Revamil honey. However, the manufacturer does not reveal details on the 
floral origin of this honey (Kwakman et al., 2012). The antimicrobial activity is not 
specified for individual batches of Revamil honey as it is registered as a medical device 
for application on wound healing and not as an antimicrobial agent (Kwakman et al., 
2012).  
There is a third method (alternative method) for honey production, in which bees are 
fed with a special food mixture containing medicinal plant extracts. Only one company, 
Life Mel Honey, uses this method. To date there is only one scientific paper (Zidan, et 
al., 2006) that examines that honey. However, the small size of the study and the 
absence of a control group make the results hard to interpret. 
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1.6 Research objectives 
A review of the current state of knowledge regarding the production of medicinal honey 
has been undertaken. One of the gaps recognized in the review was that currently, there 
are only two medicinal honeys that have been approved for clinical applications. These 
are medical-grade honey Manuka and Revamil honeys. Therefore, the main objective of 
this project was to produce bioactive honey from medicinal plants and to examine 
whether this honey has bioactivity comparable to other well-known medicinal honeys. 
So as to explore the area of medical honey more widely. The minor objectives of this 
thesis are described for each chapter and each experimental chapter aims to address one 
or more objectives as described below: 
Chapter 1: Presents the relevant literature background to highlight on the current state 
of knowledge regarding the production of medicinal honey from medicinal plants. In 
the review, the gaps in the current knowledge of medicinal honey are identified and 
citations of some reviews in the area are provided. The identified gaps form the basis of 
the PhD study and the reviewed tools and resources drive the rationale. 
Chapter 2: Discusses the determination of the best medicinal plant species for honey 
production from three species: Korean mint (Agastache rugosa), Motherwort (Leonurus 
sibiricus) and Tulsi or Holy Basil (Ocimum tenuiflorum). According to three factors, the 
amount of bioactive compounds responsible for the antimicrobial and antioxidant 
activity of each plant species as documented in the literature, the volatile organic 
compound profile of each plant species, assessed using Headspace Solid-phase Micro 
Extraction (HS-SPME) and Gas chromatography Mass Spectrometry (GC-MS) and the 
growth period for each plant.   
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Chapters 3 and 4: Outlines the antimicrobial and antioxidant activities of Tulsi 
(Ocimum tenuiflorum). The aims of these chapters are to undertake a detailed study of 
Tulsi to identify and investigate the compounds responsible for its antibacterial and 
antioxidant activities and examine them for both antimicrobial and antioxidant activity.  
Chapter 5: The aims of this chapter are to discuss the production of bioactive honey 
from Tulsi using both conventional and alternative honey production methods under 
highly controlled conditions. This chapter also assesses new and faster methods suitable 
for routine analysis of honey origin, and indicates one suitable for assessing multiple 
samples in a short time. 
Chapter 6: Discuss the subsequent studies on antimicrobial and antioxidant activity 
and a valuation of factors contributing to the bioactivity of honey. The physical and 
chemical properties such as moisture, sugar concentration, pH, hydrogen peroxide level, 
mineral content, volatiles and phenolics compounds were measured and comparison of 
different honey performed. Furthermore, the formation and transference volatile 
compounds from nectar into honey was investigated by comparing between their 
presences in the plant parts (floral origin) then in honey produced from it.  
Chapter 7: This chapter presents general conclusions that summarize the important 
findings and directions and suggestions for future work.  
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Chapter 2  
Determination of the best medicinal plant species 
for honey production 
2.1 Introduction  
The principal objective of the work reported in this chapter was to determine the best 
medicinal plant species for honey production from three prospective species. The three 
main criteria were; 
1. The nature of bioactive compounds responsible for the antimicrobial and 
antioxidant activity of each plant species as documented in the literature  
2. The volatile organic bioactive compound profile of each plant species, 
determined in the current chapter using head space solid-phase micro extraction 
(HS SPME) and Gas Chromatography Mass Spectrometry (GC-MS)  
3. The growth period for each plant and their attractiveness to bees. 
The bioactive compound data was discussed in chapter one (sections 1.4.1-1.4.3) and so 
the first stage of this study was to optimise the solid-phase micro-extraction gas 
chromatography–mass spectrometry (HS-SPME/ GC-MS) method to identify the 
volatile compounds in the leaves, inflorescence and, for the first time, the nectar, of 
Australian grown Agastache rugosa (Korean mint), Leonurus sibiricus (Motherwort) 
and Ocimum tenuiflorum (Tulsi) plants. 
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 HS-SPME is a technique first introduced by Pawliszyn (Arthur et al., 1990). It is a 
solvent-free sample preparation technique in which a fused silica fibre coated with 
polymeric organic liquid is introduced to the headspace of a sample. The volatile 
organic compounds are extracted and concentrated in the coating and transferred to the 
analytical instrument for de-sorption and analysis. It is especially valued by the food 
industry as an economic, rapid, and solvent free technique for the semi-quantitative 
analyse of volatile compounds from a variety of sample types (Wardencki et al., 2004). 
GC-MS comprises of a gas chromatograph (GC) coupled to a mass spectrometer (MS), 
by which complex mixtures of chemicals may be separated, identified and quantified. 
The use of HS-SPME with GC-MS has previously been used to study volatile 
compounds from plant tissues. For example Wilson et al. (1992) used this technique to 
identify volatile compounds given off by inflorescences and leaves and found that it 
performed better than traditional volatile oil extraction methods. We therefore used 
SPME-GC-MS to extract and identify the volatile compounds from each plant sample 
in this study. 
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2.2 Materials and Methods  
2.2.1 Isolation and identification of volatile compounds 
 Plant material  2.2.1.1
Fresh leaves, inflorescence, and nectar-bearing flowers from verified plants (Southern 
Cross University, New South Wales, Australia) of Agastache rugosa (Korean mint), 
Leonurus sibiricus (Motherwort) and Ocimum tenuiflorum (Tulsi). 
 Sample Collection 2.2.1.2
Fresh leaves, inflorescence, and nectar-bearing flowers of each plant were collected 
from the Chinese medicine garden at the RMIT University Bundoora Campus (Plenty 
Rd, Bundoora VIC 3083, Australia) in the summer of 2012. The temperature range 
ranged from 22–35 °C during the collection period. To collect nectar-bearing flowers, 
inflorescences were covered with mosquito nets for 24 h before collection (at 9:00 am). 
To collect inflorescence without nectar, the inflorescence was collected at the budding 
stage before nectar secretion began (Wist et al., 2006).  
All samples were kept on ice after collection and during transportation to the laboratory, 
where 0.15 g of the inflorescence or freshly ground leaf was placed into a 4-ml clear, 
screw-top vial and sealed with a black polypropylene open-top cap and a PTFE 
(Polytetrafluoroethylene)/silicone septum (Agilent Technologies, Santa Clara, CA, 
USA).  Extraction of the volatiles from the ground leaf material,  inflorescence  and 
essential oils from the material was performed by HS-SPME using a 85-µm 
polyacrylate (PA) fibre fitted to a manual sampling fibre holder (Supelco, Bellefonte, 
PA, USA). The fibre was conditioned according to the manufacturer’s instructions 
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(injected into the gas chromatograph (GC) injection port at 250ºC for 30 min) before 
use.   
 Extraction by HS-SPME 2.2.1.3
The preconditioned PA fibre was inserted into the headspace of the vial containing the 
sample, and then placed in a heating block at 40°C for 50 min. The volatiles were 
desorbed by placing the fibre into the gas chromatograph (GC) injection port for 5 min. 
Since many factors such as temperature, mixing and time can greatly influence the 
transfer of volatile analyses from the sample into the headspace of the vial, adjusting 
the equilibrium time profile was developed using the method of Da Porto et al., (2008) 
with slight modification. That the vials were placed in the heating block at 40°C instead 
of 30°C in order to extract all the compounds that might be present under summer 
temperatures in Melbourne. Moreover, heating at 40°C resulted in an increased amount 
of volatile compounds on the fibre and a higher number of resulting peaks compared to 
heating at 30°C. Figures 2.1, 2.2 and 2.3 show a chromatographic profile for extraction 
of the nectar-bearing flowers using PA fibre in HS-SPME after optimisation. 
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Figure 2-1: Chromatographic profile for extraction of the A. rugosa nectar-bearing 
flowers using PA fibre in HS-SPME.  
 
Figure 2-2 : Chromatographic profile for extraction of the Tulsi nectar-bearing flowers 
using PA fibre in HS-SPME. 
Time (min) 
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Figure 2-3 : Chromatographic profile for extraction of the L. sibiricus nectar-bearing 
flowers using PA fibre in HS-SPME. 
  
Time (min) 
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 Gas chromatography–mass spectrometry 2.2.1.4
Identification of the volatile compounds was performed using an Agilent 5973 GC-MS 
unit fitted with a DB-5 MS (5%-phenyl)-methylpolysiloxane fused silica column with 
dimensions 30 m x 250 μm i.e., film thickness 0.25 µm, (Agilent Technologies, 
Mulgrave, Australia). Helium (99.99% purity) was used as the carrier gas at a flow rate 
of 1.5 ml /min. The spilt ratio was 50:1. The initial GC oven temperature was 40°C for 
3 min, after which it was raised from 40°C to 250°C at 6°C/min, where it was held for 5 
min. The injection port, transfer line, and source temperatures were 250°C, 280°C, and 
230°C, respectively. The mass scan range was 41–415 m/z. Data acquisition and 
processing were performed using MSD ChemStation (E02.00.493) (Agilent 
Technologies, Mulgrave, Australia) 
 Identification of the volatile compounds  2.2.1.5
Qualitative identification was performed using GC–MS reference libraries (Adams 
2007, Wiley 7th edition, and NIST 2.0) using a 80% similarity match cut off value.  
Concentrations of the studied compounds were calculated from the peak areas in the 
total ion chromatograms. The relative abundance of each compound was obtained from 
electronic integration measurements using the mean of three replicates. Kovats standard 
retention indices were determined from the retention times of a series of n-alkane 
mixture analysed under identical conditions (Adams 2007).  
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2.3 Results and Discussion 
2.3.1 The volatile composition of Ocimum tenuiflorum (Tulsi) leaves, 
inflorescence and nectar-bearing flowers  
The analysis of the leaves, inflorescence and nectar-bearing flowers by HS-SPME and 
GC-MS resulted in the identification of fifty-five volatile compounds (Table 2.1); 
characterised by high amounts of monoterpenes and sesquiterpenes. The most abundant 
volatile compounds present in Tulsi were found to be mostly monoterpenes such as 
camphor, limonene, cineole, 1, 8-, ocimene, fenchone, linalool, methyl chavicol, and 
eugenol. There were lower amounts of sesquiterpenes such as caryophyllene E, 
bergamotene, sesquiphellandrene, farnesene, germacrene D, bisabolene, and bisabolene. 
There were very little differences between the volatile compound profiles identified 
from the leaves, inflorescence and nectar-bearing flowers. Twenty-three major 
compounds were detected in all tested samples from all parts of the plant, but at 
different concentrations. The most dominant compound detected was camphor which 
was found in the nectar-bearing flowers at 25%, in the leaves at 24% and in 
inflorescence at 22%. The second most abundant compound was eugenol which formed 
23% of the total volatile compounds in the leaves, 8.82% of the nectar-bearing flowers 
and 7.48% of the inflorescence. Ocimene E (10-12%), caryophyllene (3-5%), 
bergamotene (2-3%), germacrene D (8-12%), bisabolene (8-10%) and bisabolene (14-
17%), were more prevalent in the inflorescence than in the leaves. Besides, some 
volatiles were detected only in trace amounts. 
Previous studies have shown that Tulsi plants grown in different locations have specific 
volatile profiles, indicating that environmental factors strongly influence its chemical 
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composition. Over all, the types of volatile compounds identified by this study are 
similar to that which have been detected in other studies using alternative detection 
methods. However, there are important quantitative differences of the major volatile 
compounds percentages between Tulsi grown in Australia and Tulsi grown in different 
area indicating that environmental factors and extraction methods may influence the 
results. Consequently, the extraction and evaluation of the bioactive compounds 
presents in Tulsi essential oil will be discussed in more details in the subsequent 
chapter.  
The antibacterial activity of Tulsi essential oil and extracts from plants grown in India 
has been evaluated in vitro against several bacterial species. Prabuseenivasan et al. 
(2006) demonstrated the antibacterial activity of Tulsi essential oil against E. coli, P. 
aeruginosa and S. aureus. Similarly, (Mahmood et al., 2008) and (Mishra et al., 2011) 
reported good inhibition of Tulsi essential oil against gram-positive and gram-negative 
bacteria; however, Mahmood et al (2008) found the oil was more potent toward gram-
positive bacteria such as S. aureus compared to gram-negative bacteria such as E. coli 
and P. aeruginosa, while Mishra and Mishra (2011) showed a similar effect against 
these species. Moreover, essential oil from Tulsi leaves prepared from one subspecies 
of O. tenuiflorum was more effective against P. vulgaris, S. aureus, P. aeruginosa and 
E. coli than extracts from two other Tulsi subspecies (Helen et al., 2011).  
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Table 2-1: Volatile compounds extracted from  inflorescence , nectar-bearing flowers 
and leaves of Tulsi using HS-SPME/GC-MS. Blank spaces indicate a zero reading.  
NO. 
Compound (Adams 
KI) LRI PtR 
Percentage 
in  
inflorescence  
Percentage 
in Nectar-
bearing 
flowers  
Percentage 
in Leaves 
1 methyl isovalerate  766 5.42 0.10 -  -  
2 ethyl isovalerate 858 7.48 0.21 0.15 -  
3 pinene 939 9.53 0.11 0.07 0.22 
4 camphene 953 9.93 0.52 0.37 0.34 
5 sabinene 976 10.59 -  -  0.14 
6 pinene 980 10.7 0.05 0.03 0.61 
7 Octen-3-ol  979 10.67 0.25 -  0.18 
8 myrcene 991 11.01 0.14 0.08 0.32 
9 phellandrene 1005 11.4 0.03 0.03 -  
10 terpinene 1018 11.75 0.10 -  -  
11 limonene 1031 12.1 1.19 0.93 1.36 
12 cineole, 1,8 1033 12.15 1.19 0.93 13.47 
13 ocimene  1037 12.26 0.28 -  -  
14 ocimene, E 1050 12.61 9.30 11.98 1.17 
15 terpinene, g- 1062 12.93 0.07 0.11 -  
16 sabinene hydrate, -cis- 1068 13.09 0.46 0.37 0.40 
17 terpinolene 1088 13.63 0.21 0.22 0.17 
18 sabinene hydrate, trans- 1097 13.87 -  0.05 -  
19 fenchone 1087 13.6 0.13 0.09 0.10 
20 linalool 1098 13.89 0.30 0.12 0.06 
21 camphor 1143 15.03 22.55 25.55 24.15 
22 camphene hydrate 1150 15.2 0.17 0.19 0.21 
23 terpineol, delta 1166 15.61 -  -  0.68 
24 isoborenol 1162 15.51 -  0.04 -  
25 borneol 1165 15.58 0.62 0.82 0.69 
26 terpinen-4-ol 1177 15.88 0.08 0.06 0.20 
27 terpineol, a- 1189 16.18 -  0.09 3.05 
28 methyl chavicol 1195 16.33 2.89 2.70 9.60 
29 eugenol 1356 20.02 7.49 8.82 23.67 
30 copaene 1377 20.48 0.26 0.23 0.32 
31 zingiberene 1494 22.94 0.10 -  -  
32 bourbonene 1388 20.72 -  0.09 0.10 
33 elemene 1391 20.79 0.33 0.25 -  
34 guaiene 1410 21.19 0.29 0.10 -  
35 bergamotene 1413 21.25 0.12 -  -  
36 caryophyllene, E  1419 21.38 4.91 4.41 1.52 
37 bergamotene  1435 21.71 2.76 2.43 0.72 
38 sesquiphellandrene 1524 23.53 0.69 0.57 0.17 
39 farnesene 1458 22.19 0.56 0.44 0.12 
  [44] 
 
NO. Compound (Adams 
KI) 
LRI PtR Percentage 
in  
inflorescence  
Percentage 
in Nectar-
bearing 
flowers  
Percentage 
in Leaves 
40 funebrene  1415 21.3 -  0.10 -  
41 sesquisabinene 1460 22.23 0.19 -  -  
42 farnesene, Z 1443 21.88   0.10 -  
43 humulene 1455 22.13 0.54 0.46 0.19 
44 bicyclogermacrene 1500 23.16 -  -  0.04 
45 caryophyllene 1466 22.36 0.06 0.04   
46 germacrene, D 1480 22.65 11.29 7.56 3.77 
47 drima-7,9 (11)-diene 1473 22.5  - 0.08   
48 bicyclogermacrene 1500 23.16  - 0.10 0.04 
49 longipinene 1401 21.02 0.11 -  -  
50 bisabolene, Z 1507 23.2 0.15 -  -  
51 bisabolene 1509 23.24 10.65 9.96 3.29 
52 cadinene 1524 23.53 -  0.06 0.06 
53 bisabolene -cis- 1504 23.14 16.70 15.78 5.38 
54 cubebene  1388 20.73 0.11 -  -  
55 amorphene 1512 23.3 0.07 -  -  
Results are the average of three replicates.   
LRI – Linear retention index 
PtR - Predicted retention time 
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2.3.2 The volatile composition of A. rugosa leaves, inflorescence and 
nectar-bearing flowers  
Samples of A. rugosa were tested in the same way as the Tulsi. Seventeen volatile 
compounds were identified and estragole was found to be 94–97% of the total volatile 
content (Table 2-2). Previously, many studies indicated that estragole is the most 
abundant compound in the A. rugosa essential oil volatile compounds ranging from 56-
94% (Chae et al., 2005). In full agreement with previous studies (Wilson et al., 1992; 
Charles et al., 1991; Fujita et al., 1975) estragole was found to be the predominant 
volatile compound in all samples tested in this study. It occurred in slightly different 
concentrations in the nectar-bearing flowers (97.16%), inflorescence (96.74%) and 
leaves (94.35%) as shown in figure 2-4.  
 
Figure 2-4 : Comparison between estragole composition (%) present in inflorescence, 
nectar-bearing flowers and leaves of A. rugosa. 
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Table 2-2 : Volatile compounds extracted from inflorescence, nectar-bearing flowers 
and leaves of A. rugosa using HS-SPME/GC-MS. A blank space means indicated 
compound was not detected. 
 
NO. 
 
Compound (Adams KI) 
 
LRI 
 
PtR Percentage in 
 inflorescence  
 Percentage in 
Nectar-bearing flowers  
Percentage in 
Leaves 
 
1 artemisia triene 930 9.28 0.03 - 0.30 
2 bicyclogermacrene 1500 23.17 0.31 0.12 0.38 
3 bisabolene 1509 23.24 0.01 0.04  
4 bisabolol 1683 26.57 0.02 0.06  
5 caryophyllene 1419 21.38 1.45 0.84 1.09 
6 germacrene  1480 22.65 0.28 0.13 0.16 
7 gurjunene 1477 22.58 - 0.05 - 
8 humulene 1455 22.13 0.05 0.03 0.03 
9 limonene 1031 12.1 1.35 1.74 0.84 
10 methyl chavicol (= estragole) 1195 16.33 96.74 97.16 94.35 
11 methyl eugenol 1401 21.01 0.22 0.11 0.16 
12 muurolene 1480 22.65 0.03 - 0.03 
13 octanone 986 10.87 - - 0.12 
14 octen-3-ol 979 10.67 0.02 - 0.80 
15 octen-3-yl acetate 1110 14.2 - - 0.11 
16 hexanol 871 7.77 - - 0.19 
17 hexenal 855 7.41 - - 1.52 
Results are the average of three replicates.   
LRI – Linear retention index 
PtR - Predicted retention time 
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Sixteen other trace volatile compounds were detected in relative amounts of less than 
1% in all of the samples analysed (Figure 2-5). Six volatile bioactive compounds were 
present in all of the samples, but at different abundances. Some compounds, such as 
bicyclogermacrene, were more prevalent in the leaves than in the inflorescence and 
nectar-bearing flowers, possibly because the compound transferred from the leaves to 
the other parts of the plant’s inflorescences. However, limonene was more prevalent in 
the nectar-bearing flowers than in the inflorescence and leaves (1.74%, 1.35%, and 
0.84%, respectively), and caryophyllene was more prevalent in the inflorescence than in 
the leaves and nectar-bearing flowers (1.45 %, 1.09%, and 0.84%, respectively). 
Conversely, some compounds were present only in the leaves, inflorescence, or nectar-
bearing flowers. For example, hexanol and hexenal were present in the leaves part of A. 
rugosa only. This is not surprising given that these two compounds are known as the 
green odour compounds.  
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Figure 2-5 : Comparison between volatiles compounds percentage present in all 
inflorescence, nectar-bearing flowers and leaves of A. rugosa. 
 
 Comparison of A. rugosa volatile compositions from different 2.3.2.1
studies 
The concentrations of estragole compared with the other volatile compounds differed 
according to the location, particular plant organ, season, and differences among 
individuals (Jordán et al., 2006; Kim 1997). Our results were similar to those of Charles 
et al., (1991) who identified estragole, limonene, and caryophyllene as the major 
volatile compounds in A. rugosa grown in the USA. Ahn et al., (1991), analysed the 
essential oils of Korean A. rugosa by GC–MS and found that estragole was the major 
volatile compound, at more than 90%, followed by limonene (1.4–4.7%) and eugenol 
(1.4–1.9%). However, Jun et al., (2010) also analysed the essential oils of Korean A. 
rugosa using GC–MS, and they found that limonene was the major compound, at 47%, 
and that the plant also contained high amounts of caryophyllene (17%) and germacrene-
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D (14%). They also found some other minor compounds, such as chavicol, bourbonene, 
and eugenol. 
Generally, the volatile compounds produced from inflorescences are two to six times 
more volatile per gram than those found in the leaves. Our results were similar to those 
reported by (Vlietinck et al., 2004) for the essential oils found in the leaves and flowers 
of A. rugosa in Vietnam (Dung et al., 1996). They also found that the essential oil in the 
leaves and flowers was characterised by a high amount of estragole; however, they 
reported greater amounts in the leaves than in the flowers, whereas in the current study, 
less estragole was extracted from the leaves by HS–SPME than from the inflorescence 
and nectar-bearing flowers. 
The volatiles of Korean A. rugosa leaves were extracted using the same HS–
SPME/GC–MS technique as the current study except that they used a fibre with a 
50/30-µm divinylbenzene-carboxen-polydimethylsiloxane coating for the extraction 
process. Despite using different fibres and different conditions, both studies produced 
similar results (Zielińska et al., 2011). Despite using different fibres and different 
conditions, both studies produced similar results. In their study, estragole made up 95% 
of the total volatile compounds extracted from the leaves, and ten other volatile 
compounds were extracted from the leaves, eight of which were the same as the 
volatiles extracted by the current study. These results indicate that HS–SPME/GC–MS 
could be a useful tool for screening estragole concentration in herbal products.  
Examination of both the essential oils of A. rugosa and estragole showed significant 
antifungal activity in a previous studies (Shin and Kang, 2003; Shin 2004). Shin and 
Kang, (2003), the report the showed significant antifungal activity of both the essential 
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oil and estragole, the main component of this oil, against many fungi such as 
Trichoderma viride, Candida albicans, Candida neoformans and Blastoschizomyces 
capitatus. Simillary, Shin (2004) has examined both the essential oils and estragole 
against Trichophyton species and fund that estragole was more effective at inhibiting 
fungal growth than the essential oil. Estragole showed higher fungistatic activity against 
most of the fungi than the essential oil of A. rugosa as measured by the disk diffusion 
and broth dilution methods. Estragole comprises more than half of the oil fraction 
consequently; the fungistatic activity of the oil fraction appears to be predominantly as 
a result of estragole whereas the other oil components seem to have relatively slight 
activity (Shin and Kang, 2003).  
 Estragole toxicity in A. rugosa 2.3.2.2
Naturally occurring genotoxic and carcinogenic volatile compounds such as estragole 
are often present in plants. Several studies have shown the carcinogenicity of estragole 
in laboratory animals, as well as bacteria and yeast (Miller et al., 1983). In addition, the 
metabolites of estragole, such as 1-hydroxy-estragole; 1-hydroxy-2’, 3’-dihydro- 
estragole; and 1-acetoxy- estragole are often more toxic than the parent compound 
(Wiseman et al., 1987). Indeed both in vitro and in vivo studies have demonstrated the 
formation of DNA adducts by those metabolites (Fennell et al., 1985). There is only 
one study using humans, which reported the amount of 1-hydroxyl-estragole in the 
urine after oral administration of estragole to two volunteers. After oral administration 
of 100 µg/day for six months, the urinary extraction of 1-hydroxyl-estragole amounted 
to 0.2% and 0.4% of the total administered dose, corresponding to the average exposure 
levels of humans (Sangster et al., 1987).  
[51] 
 
However, estragole has recently been approved by the US Food and Drug 
Administration (FDA) for food use also recognized as safe (GRAS) by an expert panel 
from the flavor and extract manufacturer’s association (FEMA) (Kim 2008). The profile 
of metabolism and metabolic activation has been clearly established by several studies, 
showing that covalent binding is dose-dependent. In particular, a study using mice 
showed that the carcinogenicity of estragole is probably minimal in the dose range of 1–
10 mg/kg body weight, which is approximately 100–1000 times the expected exposure 
to estragole from short-term use in adults at dosage recommendations (Sangster et al., 
1987). Moreover, Rietjens et al. (2005) and Smith et al. (2008) have studied estragol 
safety as a food additive concluding that the metabolite 1’-hydroxyestragole is a 
theoretical proximate carcinogen, and can be found in the urine of men dosed with 1 μg 
kg−1 of body weight which is within a high-dose diet (Kim 2008).  
To the best of my knowledge, this study is the first to determine the volatile compounds 
in the flower nectar from Australian-cultivated A. rugosa and compare these with the 
amounts in the leaves, inflorescence and nectar-bearing flowers. HS–SPME/ GC-MS 
conditions were optimized to extract the volatile bioactive compounds instead of using 
traditional essential oil extraction and solvent extraction methods. In all of the samples 
tested, estragole was present at a relative high concentration, ranging from 94–97%. In 
2000, the Committee of Experts on Flavouring Substances (CEFS) evaluated estragole 
and recommended a limit of 0.05 mg/kg (detection limit) (Vlietinck et al., 2004). In 
addition, in 2004, the European Agency for the Evaluation of Medicinal Products 
(EMEA) suggested minimal exposure of estragole to sensitive groups such as children, 
pregnant and breastfeeding women (Vlietinck et al., 2004). Although estragole does not 
pose a remarkable cancer risk in short-term use by dosage recommendations, more in 
vivo and in vitro studies are needed to determine the risk associated with long-term 
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exposure to estragole with a wide range of doses. Further studies are also needed to 
investigate external and topical uses, as well as daily intake when used in as herbal tea 
or honey.   
2.3.3 The volatile composition of Leonurus sibiricus leaves and nectar-
bearing flowers  
The alcohol 1-Octen-3-ol (octenol) was identified as the most abundant constituents of 
the nectar-bearing flowers and the leaves from Leonurus sibiricus grown in Australia. It 
made up more than 50% of the total volatile compounds in both sample types. Octenol 
is a volatile alcohol produced by many species with mushroom-like odour. It is found in 
two optically active forms (Bauer et al., 2008; Zawirska-Wojtasiak et al., 2007; 
Mosandl et al., 1986). It is the most common volatile compounds in straw mushrooms 
and has also been found in blue cheeses, and in some fruit sources, such as orange juice 
oil, raspberries and elder flowers as well as in Australian prawns and sand-lobsters. It is 
also known to attract biting insects such as mosquitos and indeed, it has been used in 
mosquito traps (Mau et al., 1997).  
There are notable differences between the type and proportions amounts of the volatile 
compounds identified in the leaves and the nectar of Leonurus sibiricus. In the leaves 
octenol was the most abundant (59%) compound followed by Germacrene D (17.55%, 
figure 2-6). Five other volatile compounds were also identified in the leaves; Hexenal 
(5.38%) and the other compounds present in trace amounts.  The percentage of octenol 
was higher in the nectar-bearing flowers (61.77%) but the second most abundant 
volatile compound was Linalool which was detected only in the immature flower 
18.17%. (Table 2-3). 
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The extract has antibacterial activity and is widely applied in chronic skin eruptions, 
scabies and psoriasis, and the leaves are used in chronic rheumatism (Ahmed et al., 
2006). Extracts of Leonurus sibiricus were found inactive against Bacillus subtilis, 
Staphylococcus aureus, Escherichia coli, Candida albicans and Staphylococcus 
epidermidis, however, the ethanol extract was active against Escherichia coli, 
Micrococcus luteus and Bacillus subtilis (Chen et al., 1987; Heinrich et al., 1992; 
Mitscher et al., 1972; Woo et al., 1979 cited in Coelho De Souza et al., 2004). 
 
 
 
Figure 2-6 : Comparison between other volatiles compounds percentage present in the 
nectar and leaves of Leonurus sibiricus. 
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Table 2-3 : Volatile compounds extracted from nectar-bearing flowers and leaves of 
Leonurus sibiricus using HS-SPME/GC-MS. 
 
NO. 
 
Compound (Adams KI) 
 
LRI 
 
PtR 
 Percentage 
in 
Nectar-
bearing 
flowers  
Percentage 
in 
Leaves 
 
1 bourbonene 1388 20.73 - 0.66 
2 caryophyllene 1419 21.38 4.29 3.30 
3 copaene 1377 20.48 0.47 1.00 
4 germacrene D 1480 22.65 13.33 17.51 
5 hexenal 855 7.41 - 5.38 
6 humulene 1454 22.11 0.63 - 
7 linalool 1098 13.9 18.17 - 
8 methyl chavicol 1195 16.33 - 2.58 
9 octen 3 ol 979 10.67 61.77 59.72 
10 pinene 939 9.53 0.96 - 
Results are the average of three 
replicates.  
LRI – Linear retention index 
PtR - Predicted retention time 
 
 Comparison of Leonurus sibiricus volatile compositions from 2.3.3.1
different studies 
Studies on L. sibiricus in the literature primarily focus on the analysis of the phenolic 
and flavone compounds using HPLC. Such studies have reported several biologically 
active components such as furanolactones, alkaloids and terpenoids together with 
methoxylated flavones, rutin and its derivatives.  The latter, together with methoxylated 
flavones appear to be important chemotaxonomic markers in the genus Leonurus 
(Rolim De Almeida et al., 2008; Almeida et al., 2005). 
There is only one other study which analysed the volatile compounds present in the 
aerial parts of L. sibiricus (from Northern Argentina) (Dambolena et al., 2009) using 
Gas chromatographic (GC) radioimmunoassay (RIA) flame ionization detector (FID)/ 
mass spectrometric (MS) and resulted in the extraction of 18 volatile compounds. These 
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were characterised by -Caryophyllene content (35.2%) as well as by alpha Humulene, 
(22.1%) and beta-cubebene (18.4%) (Dambolena et al., 2009). This study listed 
sesquiterpenes as the dominant compounds in the essential oil from L. sibiricus, 
although the major compounds may differ between individual plants.  Sesquiterpene 
hydrocarbons such as Beta-Caryophyllene, alpha-Humulene, and Germacrene D have 
been reported to possess antimicrobial activity in the past (Almeida et al 2005). 
Maggi et al., (2009), examined the essential oil of flowering aerial parts of Melittis 
melissophyllum subsp grown in central Italy by GC–FID and GC–MS from the 
Lamiaceae family same as L. sibiricus. The study found that 1-octen-3-ol detected 
forms between 43.6% and 54.2% of the total volatile compounds in such tissue. They 
suggested that, as this oil contained such a high amount of the 1-octen-3-ol that it could 
be considered as a new source of this natural product in the food industry for the use as 
flavouring agent. Therefore, the Australian grown L. sibiricus should be highly 
considered in the production of 1-octen-3-ol for use as flavouring agent.  
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2.4 The reasons for the selection of Tulsi for honey production 
Tulsi flowered under the conditions of our study during the Spring / Summer of 
2011/12.  Whereas, A. rugosa flowered from the beginning of Nov 2011 to the mid of 
Feb 2012 and L. sibiricus flowered from the end of Feb 2012 to the beginning of April 
2012. Tulsi had the longest flowering period of eight months from the beginning of 
October 2011 to the end of May 2012. It is highly attractive to bees by having many 
flowers and the present of different bioactive chemicals. Additionally, Tulsi is well 
researched compared to the other two species that have only few studies regarding their 
antibacterial and antioxidant activity. It has the highest number of volatile bio-active 
compounds compared to the other two species (Figure 2.7). These three factors lead to 
Tulsi being chosen for the production of bioactive honey.  
The aim of this project is to see whether the volatile compounds that I detected in some 
of the examined plants species may be incorporated into honey made from said plants. 
Previous studies have shown that many compounds that have been detected in other 
plants have subsequently made their way into the honey made from their nectar. This is 
discussed extensively in the Chapter 1 section 1.3.7. We aim to establish if the same 
phenomenon would also occur in all species utilised in this work. If the antioxidant and 
antimicrobial activity, and other properties transferred from the plants into honey, it 
would be an alternative to pharmaceutical products currently available. 
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a.  
b.  
c.  
Figure 2-7: Comparison between volatiles compounds percentage present in the nectar-
bearing flowers of a. A. rugosa, b. Leonurus sibiricus and c.Tulsi .  
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Chapter 3  
Examination of antimicrobial activity of Tulsi 
(Ocimum tenuiflorum) 
3.1 Introduction  
The antibacterial activity of Tulsi essential oil and extracts from plants grown in India 
has been evaluated in vitro against several bacterial species. Previous studies have 
shown that Tulsi plants grown in different locations has specific volatile profiles 
indicating that environmental factors strongly influence its chemical composition. 
Therefore, it was strongly suggested to analyze the composition of the volatile 
compounds of the essential oil before examining the oil for antimicrobial or other 
activity (Kalemba et al., 2003). Consequently, the volatile compounds of the essential 
oil were distilled from both headspace and leaves and compared with the volatile 
compounds of the fresh materials. Moreover, the other aim of this study was to examine 
the antimicrobial property of Tulsi essential oil. For that purpose, broth micro-dilution 
was used to determine the minimum inhibitory concentration (MIC) of Tulsi essential 
oil against selected microbial pathogens. The agar diffusion method (well or paper disc) 
and the dilution method (liquid broth or agar) are the two basic techniques used for the 
examination of the antimicrobial activity of the essential oils. Of these, the agar 
diffusion method was the common method used in earlier studies. This method requires 
only a small quantity of the essential oil and is easy to implement. However, it is 
considered inappropriate for the examination of essential oil for two reasons. Firstly, 
essential oil is comprised of volatile compounds that are likely to evaporate from discs 
during the incubation time. Secondly, due to the low solubility of essential oils in agar, 
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volatile compounds may not diffuse well. Recently, the broth dilution method using 96 
flat-bottom microtitre plates has become the method of choice for determining the 
antimicrobial activity of essential oils. 
 
The aims of this chapter were to  
(i) Compare the volatile composition of leaves, inflorescence and extracted oil 
from Tulsi plants grown in Australia using Headspace–Solid Phase 
Microextraction–Gas Chromatography–Mass Spectrometry (HS-SPME-GC-
MS).  
 
(ii) Examine the antimicrobial properties of Tulsi essential oil using the Broth 
micro-dilution method to determine the minimum inhibitory concentration 
(MIC) of Tulsi essential oil against selected microbial pathogens 
Staphylococcus aureus (including MRSA) and Escherichia coli. 
 
(iii) After reviewing the literature, suggest which volatile compounds are most 
likely to be responsible for the antimicrobial activity of Tulsi oil. To the best 
of my knowledge this is the first analysis of the Australian-grown fresh Tulsi 
flowers inflorescence, leaves and the essential oil extracted from flowers and 
leaves using HS-SPME-GC-MS. 
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3.2 Materials and Methods 
3.2.1 Source of Tulsi   
Tulsi (Ocimum tenuiflorum), was from a local source, but confirmed by the Medicinal 
Plant Herbarium at Southern Cross Plant Science (Southern Cross University, New 
South Wales, Australia), Voucher number PHARM-14-0028. Fresh leaves and 
inflorescence were collected from the Chinese medicine garden at the RMIT University 
Bundoora Campus (Plenty Rd, Bundoora VIC 3083, Australia) in the summer of 2012. 
The temperature range ranged from 22–35 °C. Fresh leaves and inflorescence (350gm) 
were steam-distilled for 6 hours in an essential oil Steam Distiller (Modified Clevenger 
apparatus) (Steam Distillation Apparatus, Crucible, Sacramento USA). The yield of 
volatile oil (weight of oil/weight of leaves made into a percentage) obtained was 0.57 % 
v/w. The yellow volatile oil was stored in a sealed container at 4 ºC in the dark until 
needed.  
3.2.2 Antimicrobial activity of Tulsi essential oil 
The bacterial strains used in this study were S. aureus ATCC 25923, clinical isolate of 
methicillin-resistant S. aureus (MRSA) NCTC 6571 “Oxford Strain”, E. coli ATCC 
25922 and P. aeruginosa ATCC 27853. 
The extracted oil was emulsified in Mueller-Hinton Broth (MHB, Oxoid, Adelaide, 
South Australia) by the following method: 90 µl of the essential oil and 10 µl of DMSO 
were added to a sterile Eppendorf tube (Sarstedt, Technology Park, South Australia). 
The solution was mixed by vortexing then 900 µl of the MHB was added in 30 μL 
aliquots, with brief vortexing between each addition. The broth dilution method was 
[61] 
 
used to determine the minimal inhibitory concentration (MIC) of the Tulsi essential oil 
for each bacterial species (Wiegand et al., 2008). Two-fold dilutions of essential oil, 
diluted and solubilized as described above, beginning at 9 % (undiluted), in volumes of 
50 µl were prepared in MHB in a 96-well sterile flat bottomed microtiter plate 
(Corning, Hickory, U.S.A), then 50 µl of bacterial suspension was added to each well, 
such that the final concentration was 5 x 10⁵ cfu in each well.  The oil mixture was 
further diluted in the test (1:2) by the bacterial suspension, resulting in a solution 
containing of 4.5% essential oil in the first well. Plates were incubated for 24 h at 37 °C 
in the dark on an orbital shaker at 100 rpm to prevent adherence and clumping. After 
incubation, the optical density of the contents of each well was determined using a 
spectrophotometer at 620 nm (Omega BMG LabTech, Ortenberg, Germany). For the 
minimal bactericidal concentration (MBC), 100 µl aliquots from each well were plated 
onto MHB agar and viable counts were determined after incubation for 24 h at 37ºC. 
IBM SPSS (Statistical Package for the Social Sciences) (v.22, IBM Corporation, New 
York, USA) was used for the statistical analysis of the amount of bacterial growth when 
treated with different concentrations of Tulsi essential oil. An alpha level of 0.05 was 
assumed for the determination of statistical significance. Analysis of variance 
(ANOVA) was followed by post-hoc Tukey test to compare the amount of bacterial 
growth in wells containing different concentrations of essential oil. Data was calculated 
from two different experiments each conducted in triplicate. 
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3.2.3 Isolation and identification of volatile compounds from leaves, 
inflorescence and oil 
 Fresh leaves and inflorescence of Tulsi Ocimum tenuiflorum from the same source as 
the essential oil (distilled as described above) were collected from the Chinese 
medicinal garden at RMIT University, Bundoora Campus (Melbourne, Australia) in the 
summer of 2012; the temperature range during the growing season was 22–35°C. The 
samples were kept on ice after collection and during transportation to the laboratory, 
where 0.15 g of the inflorescence, fresh leaf material was ground to a powder in a 
mortar and pestle unit, or essential oil was placed in a 4-ml clear, screw-top vial and 
sealed with a black polypropylene open-top cap and a PTFE (polytetrafluoroethylene)  
/silicone septum (Agilent Technologies, Santa Clara, CA) and used immediately.   
3.2.4 Extraction of volatile compounds by HS-SPME and Gas 
chromatography–mass spectrometry 
Extraction of volatile compounds by HS-SPME and the Gas chromatography–mass 
spectrometry procedure performed using the same method as described in sections 
2.2.1.2 and 2.2.1.3.  
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3.3 Results and Discussion  
3.3.1 The antimicrobial activity of Tulsi essential oil 
Tulsi oil at concentrations of 4.5% and 2.25% completely inhibited the growth of S. 
aureus, including MRSA and E. coli, while the same concentrations only partly 
inhibited the growth of P. aeruginosa (Figure 3-1). The MBC results showed that Tulsi 
essential oil had only bacteriostatic activity against the examined bacterial strains. 
Viable bacterial counts were not measured because the plates were confluent indicating 
bacteriostatic activity.  Statistical analysis of the spectrophotometric results showed that 
both the concentration of Tulsi oil and bacterial species used significantly affected the 
amount of growth (P < 0.05) (Table 3-1). The percentage of bacterial growth was lower 
for overall bacteria when treated with Tulsi oil at a concentration of 4.50% (17.29) and 
2.23% (15.07) in comparison to 1.13% concentration (56.62). The main effect on the 
bacterial species growth for all different essential oil concentrations was significant as 
well. The percentage of bacterial growth was lower for S. aureus (13.03), MRSA 
(18.58) and E. coli (17.99) than for P. aeruginosa (68.78). Overall, P. aeruginosa 
showed higher resistance to the antibacterial treatment with Tulsi oil, comparing to 
three other bacteria used in the test. On the other hand, the mean difference of the 
percentage of bacterial growth between S. aureus, MRSA and E. coli was not 
significant p>0.05. 
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Figure 3-1: The antimicrobial effect of different concentrations of Tulsi essential oil in 
the growth rate of four bacterial spp.  
 
Table 3-1: ANOVA main effect of independent variables: Tests of Between-Subjects 
Effects 
Bacterial growth (%) 
(Dependent Variable) 
Tests of Between-Subjects Effects 
Independent Variable F Sig. 
Concentration 28.300 .000 
Bacteria 29.502 .000 
Replicate 2.423 .126 
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The antibacterial results are similar to those of other studies that demonstrated 
antimicrobial activity of Tulsi essential oil; however there are some differences in 
reported activity toward Gram positive and Gram negative bacteria (Table 3-2) (Mishra 
et al., 2011; Mahmood et al., 2008; Prabuseenivasan et al., 2006). Several investigators 
reported that Gram-positive bacteria are more sensitive to essential oils in general than 
Gram negative bacteria (Burt 2004; Kelm et al., 2000). One study, using the disc 
diffusion method, reported better activity of Tulsi oil against S. aureus than Gram-
negative species (Mahmood et al., 2008); however, Helen et al., (2011), also using disc 
diffusion reported similar activity of the oil against all species examined. The reported 
differences could relate to the specific composition of the volatile compounds in the oil, 
determined by the geographical source of the plants or specific cultivar, for example, 
alcoholic and aqueous leaf extracts prepared from one subspecies of Ocimum sanctum 
were more effective against S. aureus, P. aeruginosa and E. coli than extracts from two 
other Tulsi subspecies (Helen et al., 2011).  
Other reasons for the differing results could be related to the method of extraction of 
oil, or to the method for determining antimicrobial activity. The agar diffusion method 
(well or paper disc) and the dilution method (liquid broth or agar) are the two basic 
techniques used for the examination of the antimicrobial activity of the essential oils. 
Recently, the broth dilution method using 96 flat-bottom microtitre plates has become 
the method of choice for determining the antimicrobial activity of essential oils. The 
activity of the essential oil is expressed as MIC (the minimal inhibitory concentration) 
and MBC (the minimal bactericidal concentration). Consequently, it is difficult to 
compare the results of different studies. Therefore, Kalemba et al., (2003) strongly 
recommended, in their extensive review of the antibacterial and antifungal properties of 
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essential oil, that only MIC and MBC values should be published to facilitate 
comparisons between the results of different studies. 
Table 3-2: Antibacterial activity of  Tulsi essential oil. 
Antibacterial 
Method 
Species of 
bacteria 
Concentratio
n of oil (%) 
examined 
MIC 
µg/ml 
Zone of 
inhibition 
(mm) 
OD References 
Disc-diffusion E. coli  
P. aeruginosa  
S. aureus 
20 
50 
20 
 8.2 
8.2 
8.3 
 Prabuseenivasan 
et al., (2006) 
 
Disc-diffusion E. coli  
P. aeruginosa  
S. aureus 
100 
100 
100 
 15.4 
17.8 
41.5 
 Mahmood et al., 
(2008) 
 
Disc-diffusion E. coli  
P. aeruginosa 
S. aureus 
100 
100 
100 
 12 
12 
12 
 Helen et al., 
(2011) 
Broth dilution  E. coli  
P. aeruginosa  
S. aureus 
10 
10 
10 
  0.40 
0.71 
0.62 
Mishra et al., 
(2011)  
Broth micro-
dilution 
method  
E. coli  
P. aeruginosa  
S. aureus 
MRSA 
0.5 - 4.5 
0.5 - 4.5   
0.5 - 4.5 
0.5 - 4.5 
2.25 
>4.5 
2.5 
2.25 
  This study 
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3.3.2 Tulsi leaves, inflorescence and essential oil volatile composition 
The analysis of the leaves, inflorescence and essential oil by HS-SPME and GC/MS 
resulted in the identification of 54 volatile components (Table 3-3). The most abundant 
of the volatile components were monoterpenes and sesquiterpenes; in particular 
monoterpenes such as camphor, cineole, estragol, and eugenol, followed by 
sesquiterpenes, such as germacrene, caryophyllene, bisabolene. Nineteen major 
compounds were present in all samples from all parts of the plant, but at different 
concentrations. Overall, there were no major differences between the presence of the 
most prevalent volatile compounds identified from the leaves, inflorescence and the 
essential oil, but minor compounds were frequently identified in only one or more 
sample types. The most common compound detected was camphor, with slightly 
different concentrations in the essential oil (31.5%) leaves (24.2%) and inflorescence 
(22.6%). This was followed by eucalyptol with higher concentration in both essential 
oil and leaves (18.9% and 13.47% respectively) than in the inflorescence (1.2%). The 
third most commonly identified compound was eugenol that comprised 23.7% of the 
total volatile compounds in the leaves, 13.8% in the essential oil and 7.5% in 
inflorescence.  
Similar to the present study, Medina-Holguín et al., (2007) reported that the volatile 
compounds from fresh plant material displayed different compositions from those of the 
essential oil extracted from the same plants. Therefore, it is informative to compare the 
proportions of the different volatile compounds in different parts of the plant. 
Monoterpenes, especially eugenol and estragole were present in the highest amounts in 
the leaves (23.7% and 9.6% respectively), while sesquiterpenes ocimene (9.30%), 
caryophyllene- β (4.9%), bergamotene (2.8%), germacrene (11.3%), beta bisabolene, 
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(10.7%) and alpha bisabolene (16.7%) were more prevalent in the inflorescence. 
Conversely, some volatile compounds were absent from the oil and detected only in the 
leaves or inflorescence but in trace amounts (<1%) at each site. 
Table 3-3: Identification and distribution of volatile compounds from inflorescence, 
nectar-bearing flowers and leaves of Tulsi by HS-SPME/GC-MS analysis 
NO. 
Compound (Adams 
KI) 
Class LRI PtR 
Percentage 
in  
inflorescence  
Percentage 
in Leaves 
Percentage 
in essential 
oil 
1 methyl isovalerate  E 766 5.42 0.10 - 0.02 
2 ethyl isovalerate E 858 7.48 0.21 - 0.62 
3 tricyclene M 926 9.16 - - 0.05 
4 thujene  M 931 9.30 - - 0.02 
5 alpha pinene M 939 9.53 0.10 0.22 0.70 
6 camphene M 953 9.93 0.52 0.34 1.71 
7 sabinene M 976 10.59 - 0.14 0.17 
8 beta pinene M 980 10.70 0.05 0.61 1.42 
9 Octen-3-ol M 979 10.67 0.25 0.18 - 
10 myrcene M 991 11.01 0.14 0.32 0.52 
11 phellandrene  M 1005 11.4 0.03 - 0.09 
12 terpinene M 1018 11.75 0.10 - 0.18 
13 cymene-ortho- M 1026 11.97 - - 0.18 
14 limonene M 1031 12.10 1.19 1.36 2.15 
15 eucalyptol M 1033 12.15 1.19 13.47 18.85 
16 ocimene  M 1050 12.61 9.30 1.17 7.12 
17 terpinene  M 1062 12.93 0.07 - 0.41 
18 sabinene hydrate  M 1068 13.09 0.46 0.40 0.14 
19 terpinolene M 1088 13.63 0.21 0.17 - 
20 sabinene hydrate-trans- M 1097 13.87 - - 0.34 
21 carene  M 1002 11.32 - - 0.10 
22 fenchone M 1087 13.60 0.13 0.10 
 23 linalool M 1098 13.89 0.29 0.06 0.30 
24 camphor M 1143 15.03 22.55 24.15 31.52 
25 camphene hydrate M 1150 15.21 0.17 0.21 0.24 
26 terpineol-delta- M 1166 15.61 - 0.68 - 
27 isoborenol M 1162 15.51 - - 0.06 
28 borneol M 1165 15.58 0.62 0.69 1.00 
29 terpinen-4-ol M 1177 15.88 0.08 0.20 0.84 
30 terpineol M 1189 16.18 - 3.05 0.61 
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31 estragol  M 1195 16.33 2.89 9.60 4.23 
32 eugenol M 1356 20.02 7.49 23.67 13.77 
33 copaene S 1377 20.48 0.26 0.32 0.26 
34 zingiberene S 1494 22.94 0.10 - - 
35 bourbonene S 1388 20.73 - 0.10 0.07 
36 elemene S 1391 20.79 0.33 - 0.13 
37 guaiene S 1410 21.20 0.29 - 0.05 
38 beta caryophyllene  S 1419 21.38 4.91 1.52 1.21 
39 bergamotene S 1435 21.71 2.76 0.72 0.37 
40 sesquiphellandrene S 1524 23.53 0.69 0.17 0.08 
41 farnesene S 1458 22.19 0.56 0.12 - 
42 sesquisabinene S 1460 22.23 0.19 - - 
43 humulene S 1455 22.13 0.54 0.19 0.11 
44 bicyclogermacrene S 1500 23.16 - 0.04 - 
45 germacrene  S 1480 22.65 11.29 3.77 1.88 
46 longipinene S 1401 21.01 0.11 - - 
47 bisabolene-Z  S 1507 23.20 0.15 - - 
48 muurolene S 1500 23.06 - - 0.06 
49 beta bisabolene  S 1509 23.24 10.65 3.29 2.20 
50 cadinene S 1524 23.53 - 0.06 0.16 
51 alpha bisabolene  S 1504 23.14 16.71 5.38 3.83 
52 cubebene  S 1388 20.73 0.11 - - 
53 amorphene S 1512 23.30 0.07 - - 
54 caryophyllene oxide S 1583 24.69 - - 0.03 
Results are the average of three replicates.   
LRI – Linear retention index 
PtR - Predicted retention time 
E- Ester, M- Monoterpenes, S- Sesquiterpenes 
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3.3.3 Comparison of Tulsi volatile compositions in different geographical 
studies 
Although the major types of volatile compounds identified by this study (monoterpenes 
and sesquiterpenes) were also identified in other studies, there are important 
quantitative differences in the distribution of these compounds in plants grown in other 
geographical areas. In previous reviews, Tulsi essential oil was generally reported to 
contain volatile compounds comprising of monoterpenes such as linalool, estragol, 
eugenol, and small quantities of methyl cinnamate, cineole, tannins, camphor and other 
compounds (Prakash 2005). However, the quantity of the volatile compounds identified 
and the major and minor compounds varied in different studies.  
Also in agreement with the present study, an exhaustive survey by Singh et al., (2010) 
showed that extracts from fresh leaves and stems of Tulsi contain a number of 
sesquiterpenes and monoterpenes such as (α-elemene, bornyl acetate, α- and β-pinenes, 
campesterol and camphene), but the composition and amounts of the various 
compounds differed from those reported here. These differences could relate to the 
geographical original plant cultivars and environmental factors, which significantly 
influence the volatile composition and percentage, or to the method of extraction and 
analysis. Table 3-4 displays examples of the major volatile compounds present in the 
essential oil extracted from Tulsi plants grown in different locations indicating that 
environmental factors strongly influence their chemical composition. Therefore, it is 
strongly suggested that the composition of the volatile compounds of the essential oil be 
analysed before the oil is examined for antimicrobial or other activity (Kalemba et al., 
2003). 
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Table 3-4: Examples of the major volatile compounds present in the essential oil 
extracted from Tulsi plants grown in different location.  
Geographical 
location 
Source of 
essential oil 
Major 
compounds 
Concentration % Reference 
India leaves methyl eugenol  
cyclooctene  
32.9 
17.6 
Helen et al., 
(2011) 
India leaves eugenol,  
bornyl acetate  
camphor  
27.4 
14.5 
9.0 
Naquvi et al., 
(2012)  
India  leaves, 
inflorescence, 
leaves and  
inflorescence   
methyl eugenol,  
caryophyllene β 
 
75.3, 65.2 and 72.5 
6.4, 12.0 and 5.5 
 
Kothari et al., 
(2005)  
Brazil leaves,   
inflorescence   
eugenol  
caryophyllene 
79.0 and 17.6 
9.8 and 24.5 
Machado et al., 
(1999)  
Australia leaves methyl chavicol   
camphor  
caryophyllene β 
87 
4 
5 
Brophy et al., 
(1993)  
Cuba leaves and  
inflorescence   
eugenol  
elemene 
caryophyllene β 
34.3 
18.0 
23.1 
Pino et al., (1998)  
Germany leaves eugenol  
methyl chavicol 
eucalyptol 
beta bisabolene 
alpha bisabolene 
38.2 
14.4 
11.0 
9.4 
7.5 
Laakso et al., 
(1990) 
Australia 
(Victoria) 
leaves and 
inflorescence   
camphor  
eucalyptol  
eugenol  
alpha bisabolene  
beta bisabolene  
caryophyllene 
31.5 
18.9 
13.8 
3.8 
2.2 
1.2 
This study 
  
[72] 
 
3.3.4 Bioactive volatile compounds present in Tulsi 
Camphor was the most abundant volatile compound present in all three parts (31.5%, 
24.2% and 22.6%) of the Australian-grown Tulsi. Eucalyptol was the second most 
abundant volatile compound present in both essential oil and the leaves (18.85% and 
13.47% respectively). Camphor and Eucalyptol are major components of the essential 
oils of three Greek Achillea species (A. taygetea, 26.6%; A. holosericea, 20.9%; A. 
fraasii, 16.3%). Furthermore, eucalyptol is the major constituent of the essential oil of 
A. taygetea and A. fraasii (25.7% and 11.9% respectively), but was detected only in 
trace amounts (0.7%) in the oil of A. holosericea. The antimicrobial activity of these 
essential oils was assessed against six bacterial species; S. aureus, S. epidermidis, E. 
coli, Enterobacter cloacae, Klebsiella pneumoniae and P. aeruginosa using the broth 
dilution technique. The oils of A. taygetea and A. fraasii showed strong to moderate 
activity against all six bacterial species, but the oil of A. holosericea was shown to have 
no antibacterial activity. In the same study, camphor was shown to be more effective 
than eucalyptol against the same bacterial species. It was proposed that the antibacterial 
properties of the essential oils of A. taygetea and A. fraasii are associated with their 
high content of camphor and eucalyptol (Magiatis et al., 2002). Both camphor and 
eucalyptol, identified as the abundant volatile compounds present in the essential oils of 
five taxa of Sideritis from Greece, were shown to possess some antimicrobial activity 
(Aligiannis et al., 2001). Moreover, camphor and eucalyptol standards obtained from 
Merck showed activity against E. coli and S. aureus, Bacillus cereus, P. aeruginosa, 
with camphor being more effective than eucalyptol (Mahboubi et al., 2009). Since both 
compounds were identified as major components of Australian-grown Tulsi, we suggest 
that these subtances may be responsible for the antimicrobial activity identified by this 
study. 
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The third most abundant compound identified in the present study, eugenol, formed 
13.8%, 23.7% and 7.5% of the total volatile compounds in the essential oil, leaves and  
inflorescence  respectively. Eugenol was also the main constituent of the Tulsi leaves 
grown in India, Brazil, Bangladesh, Cuba and Germany (Table 3-4). In several reviews 
(Pattanayak et al., 2010; Singh et al., 2010; Prakash et al., 2005) the therapeutic value 
of Tulsi leaves was attributed mainly to eugenol. Eugenol was identified as a major 
component (67%) of the essential oil of Ocimum gratissimum, and may be responsible 
for the antibacterial activity of that oil. The MIC for S. aureus was 0.75 µg/ml and for 
E. coli was 6 µg/ml, but ≥24 mg/ml for P. aeruginosa (Nakamura et al., 1999).  The 
greater activity of the oil against S. aureus and E. coli than against P. aeruginosa is 
similar to the results of the present study. 
Another compound, β-caryophyllene, which comprised 4.9%, 1.5% and 1.2% of 
volatile compounds in  inflorescence , leaves and oil respectively of Australian-grown 
Tulsi, is a sesquiterpene which is widely distributed in essential oils of various plants. 
β- caryophyllene has been used for fragrance in cosmetics and as a food additive. β- 
caryophyllene also possesses antimicrobial (Liu Xiao-Yu et al., 2012; Legault et al., 
2007; Alma et al., 2003). For example, Alma et al., (2003) examined the antimicrobial 
activities of essential oils extracted from the leaves of Origanum syriacum, which 
contained β- caryophyllene at a concentration of 12.6%. Using the agar-disc diffusion 
method, the oil was shown to have activity against S. aureus, E. coli and P. aeruginosa. 
These findings suggest that β- caryophyllene may have contributed to the antimicrobial 
activity against the same three species of bacteria that was demonstrated in the present 
study.  
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3.4 Conclusion  
In summary the essential oil extracted from Ocimum tenuiflorum showed antimicrobial 
activity against S. aureus (including MRSA) and E. coli, but was less active against P. 
aeruginosa. In other studies, P. aeruginosa has been shown to be more resistant than 
other most Gram negative bacteria to the action of the essential oils (Mahmood et al., 
2008; Prabuseenivasan et al., 2006; Burt 2004). A detailed analysis of the volatile 
compounds found in the essential oil and extracted from leaves and inflorescence 
revealed 54 different components that varied in presence and concentration in the three 
different sample types. A review of the literature suggested that the main components 
responsible for the antimicrobial activity of Tulsi oil were likely to be camphor, 
eucalyptol and eugenol. β-caryophyllene may also have contributed to the antimicrobial 
activity of the oil but was present in smaller amounts. Since S. aureus, including 
MRSA, P. aeruginosa and E. coli are major pathogens causing skin and soft tissue 
infections, Tulsi essential oil could be a valuable topical antimicrobial agent for 
management of skin infections caused by these organisms or as a wound dressing to 
prevent infection. Early treatment or preventative measures may halt progression to 
more serious infection requiring systematic antibiotic therapy, and reduce the risk of 
development of resistance to valuable antibiotics. 
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Chapter 4  
Examination of the antioxidant activity of Tulsi 
(Ocimum tenuiflorum) 
4.1 Introduction 
Reactive oxygen species (ROSs) such as hydrogen peroxide, hydroxyl radicals and 
superoxide anions, are formed continuously in the human body through natural 
metabolic processes. They play essential roles in energy supply, chemical signalling, 
detoxification and may act as modulators of immune function (Pham-Huy et al., 2008). 
However, ROS can also cause damage and their levels within cells are therefore strictly 
regulated by enzymes (such as superoxide dismutase, catalase and glutathione 
peroxidase) and non-enzymatic antioxidants including vitamins C and E or 
phenolic/flavonoid compounds (Pham-Huy et al., 2008). The accumulation of free 
radicals in the body by either over-production or exposure to external oxidant 
substances to a level that cannot be dealt with by the body’s natural systems can lead to 
oxidative stress (Valko et al., 2007).   
Oxidative stress is an imbalance between the oxidant (ROS) and the anti-oxidant 
regulators which leads to damage to cell structures, lipids, proteins and DNA (Valko et 
al., 2006). It has been associated with the pathogenesis of several disease states, 
including Alzheimer’s disease (Matteo et al., 2003), cardiovascular diseases (Renaud et 
al., 1998), cancers (Temple et al., 2000) and inflammatory diseases (Sreejayan et al., 
1997). Antioxidant compounds quench the reactive free radicals and help in the 
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prevention of these diseases. The purpose of this chapter was to investigate the 
antioxidant capacity of Tulsi leaf extract and essential oil and its potential for use in 
medicinal honey production. 
The antioxidant activity of a biological material is measured using several methods, the 
most widely used and reliable being the 2,2-azinobis (3-ethyl-benzothiazoline-6-
sulfonic acid) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays (Krishnaiah et 
al., 2011). Other commonly used assays include the oxygen radical absorption capacity 
(ORAC), and trolox equivalent antioxidant capacity (TEAC). All methods involve 
chromogen compounds (a compound that forms coloured compounds on oxidation) of a 
radical nature that stimulate the reductive oxygen species. The occurrence of 
antioxidant compounds induces the loss of these radical chromogens (Ali et al., 2008). 
Although many in vitro antioxidant activity assays exist, they cannot measure in vivo 
activity precisely, since they do not account for physiological conditions such as 
antioxidant bioavailability, pH or temperature (Cecilia et al., 2014). In spite of the fact 
that human studies and animal models are the best measure for antioxidant activity, 
these are time-consuming and expensive. They are also not appropriate for initial 
antioxidant screening of dietary supplements and foods. Biological systems such as cell 
culture models address some issues of metabolism, uptake, and location of antioxidant 
compounds within cells compared to the currently used “test tube” chemistry methods. 
Also, cell culture assay provides an approach that is quite fast and cost effective (Wolfe 
et al., 2007). Therefore, the cellular antioxidant activity (CAA) assay was employed to 
examine medicinal plants and bioactive honey for potential antioxidant activity.  
The principle of this assay relies on the ability of live cells to allow the non-fluorescent 
esterified dye precursor 2’, 7’-Dichlorodihydrofluorescein diacetate (DCFH-DA) to 
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diffuse across the cell membrane. Once inside the cell, the dye is de-esterified to 2’, 7’-
Dichlorodihydrofluorescein (DCFH) by cellular esterases and remains trapped inside. 
The cells are washed and upon addition of the radical initiator [AAPH, 2,2′-azobis (2-
amidinopropane) dihydrochloride] the non-fluorescent dye (DCFH) is transformed to 
the highly fluorescent 2’, 7’-Dichlorofluorescein (DCF). Therefore, in a control well 
containing only cells with dye precursor, addition of AAPH leads to a strong increase in 
fluorescence over time (typically 1hr) (Figure 4-1). 
 
 
Figure 4-1: Principle of the Cellular Antioxidant Assay (CAA). 
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When the dye-containing cells are also incubated with an antioxidant such as a pure 
compound, food or leaf extract, the free radical induced reaction leading to DCF can be 
prevented to a greater or lesser extent. The degree of prevention of the oxidation 
reaction depends on the antioxidant’s ability to cross the cell membrane and survive 
metabolism by the many enzymes and degradation processes in the live cell. In order to 
quantify the ability of an antioxidant to prevent the free radical induced reaction in the 
live cells, a standard curve of fluorescence vs time with varying amounts of quercetin (a 
strong antioxidant) is firstly constructed and the ability of various food extracts to 
inhibit the free radical induced reaction are compared to quercetin. The antioxidant 
activity of the plant extracts of interest is then expressed as weight of Quercetin / 
weight of food sample that gives the same effect. A Cellular Antioxidant Assay kit is 
now commercially available through Cell BioLabs Inc. (Cell Biolabs).  
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4.2 Materials and Methods 
4.2.1 Preparation of Tulsi leaf extract for the antioxidant assay 
Tulsi leaves (100 g) were ground to a fine powder under liquid nitrogen and mixed for 5 
min in chilled (-20°C) 80% acetone (1:4 w/v) using a vortex mixer. Samples were 
subsequently blended with a Polytron homogenizer for 3 min. The resulting 
homogenates were filtered through a 11 µm Whatman filter and evaporated to dryness 
under vacuum at 45°C (Rotavaped for 1h). The samples were then reconstituted in 70% 
methanol and stored at -80°C. Before use, the methanol was evaporated under a stream 
of nitrogen, and the extracts were reconstituted in cell culture media.  
4.2.2 Determination of Tulsi leaf extract total phenolic content 
The total phenolic content of Tulsi leaf extract was measured using a colorimetric Folin 
Ciocalteu method based on Wolfe et al. (2007). In a test tube, 0.5 mL of deionized 
water was added to 10 mg of the Tulsi leaves extract. Folin-Ciocalteu reagent (0.125 
mL) was added to the solution and allowed to react for 6 min.  Subsequently, 1.25 mL 
of 7% sodium carbonate solution was aliquoted into the test tubes, and the mixture was 
diluted to 3 mL with deionized water.  The colour was developed for 90 min, and the 
absorbance was read at 760 nm using a spectrophotometer (Omega BMG LabTech, 
Ortenberg, Germany). The measurement was compared to a standard curve of Gallic 
acid concentrations and expressed as milligrams of Gallic acid equivalents (GAE) per 
100 g of Tulsi Extract. The total phenolic content present in the Tulsi acetone extract 
was measured for two individual extracts using the same amount of leaves (100g). For 
[80] 
 
extracts 1 and 2, 100 g of acetone extract comprised 16,483 ± 0.27 mg and 19,203 ± 
0.022 mg GAE/100g of dry material, respectively. 
4.2.3 Cytotoxicity testing (Presto-Blue)  
The cytotoxicity of the tulsi extract towards HepG2 (Hepatocellular carcinoma) human 
cells was measured using Presto-blue. PrestoBlue® Cell Viability Reagent kit (number 
A13262). In this kit, PrestoBlue™ cell viability reagent is supplied as a 10x solution. 
HepG2 cells were seeded at 4 × 10⁴/well on a 96-well plate in 100 µL of growth 
medium and incubated for 24 h at 37°C.  The medium was then removed, and the cells 
were washed with Phosphate buffered saline (PBS). Samples were diluted in treatment 
medium (WME supplemented with 2 mM l-glutamine and 10 mM Hepes) and 100 µL 
of the samples were applied to the cells, and the plates were incubated at 37°C for 1 h. 
The treatment medium was removed, and the cells were washed with PBS. PrestoBlue 
reagent was directly added to cells in culture medium (96-well plate 90 µL 10 µL) and 
incubated for 1-2h at 37ºC. The absorbance at 570 nm was determined using 
spectrophotometer (Omega BMG LabTech, Ortenberg, Germany). 
4.2.4 Cellular Antioxidant Activity (CAA) assay of Tulsi leaf extract and 
essential oil 
To examine the antioxidant activity of Tulsi leaf extract and the essential oil, an 
OxiSelect™ Cellular Antioxidant Activity Assay Kit (Green Fluorescence; Catalogue 
Number STA-349, Cell Biolabs, North Melbourne, VIC Australia) was used according 
to the manufacturer's instructions. With some modification, the cell culture media was 
prepared based on the protocol published by Wolfe et al., (2007) (refer to Appendix 1). 
Briefly, the antioxidant activity was measured using Hepatocellular carcinoma human 
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cell line. The 96 well plate seeded with 6 x 10⁴ HepG2 cells/well and 100 µl growth 
media/well was incubated overnight for 24 h until cells were 90% to 100% confluent. 
Twenty-four hours after seeding, the media was removed, and wells washed gently 3 
times with PBS to remove the non-incorporated compounds. Triplicate wells were 
treated for 1 h with 50 µl of 2x DCFH-DA probe solution to all wells with confluent 
cells to be tested and 50 µl of Quercetin standard or prepared samples diluted  in 
treatment media to each well with confluent cells to be tested.  The 96 well plate then 
was incubated 60 min at 37°C. The solution carefully removed and washed 3 times with 
PBS then the last wash removed and discarded.  Lastly, 100 µl of free radicals initiator 
solution was added to all wells and plate reader measurements were begun immediately 
with fluorescent reader at 37°C with an excitation wavelength of 485-12 nm and an 
emission wavelength of 520 nm. The wells Read with an increment between 1 and 5 
minutes for a total of 60 min. Each plate included triplicate control and blank wells: 
control wells contained cells treated with DCFH-DA and oxidant (Quercetin); blank 
wells contained cells treated with HBSS without oxidant.  
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 Quantification of CAA   4.2.4.1
Raw data was analysed with MARS 2.0 Optima Data Analysis software based on the 
OxiSelect™ Cellular Antioxidant Activity Assay Kit following the manufacturer's 
instructions (Cell Biolabs, North Melbourne, VIC Australia). The integrated area under 
the curve (AUC) for each sample and standard was calculated using the final assay 
values and the linear regression formula below:  
                                           
                        
RFU0 = relative fluorescence value of time point zero.  RFUx = relative fluorescence 
value of time points  
The area under the fluorescence verses time curve was used to determine the Cellular 
CAA values according to the following equation: 
                                                     
A dose-response curve was plotted by graphing CAA units versus Quercetin 
concentration. Quercetin Equivalent (QE) values of unknown samples were determined 
using the standard curve (Wolfe et al., 2008). The median effective dose (EC50) was 
also determined from the median effect plot of log 100-(fa/fu) versus log (dose), where 
fa is the fraction affected and fu is the fraction unaffected by the treatment (Wolfe et 
al., 2008). The EC50 values are stated as mean ± SD for triplicate sets of data obtained 
from the two different experiments.  Quercetin was used as a standard, and CAA values 
were expressed as micromoles of quercetin equivalent (QE) per 100 g of sample. 
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 Cellular Antioxidant Activity (CAA) Calculation:  4.2.4.2
The CAA values for quercetin and extracts were calculated using the area under the 
fluorescence versus time curve (AUC) integrated at each time point. The fluorescence 
decreases in a dose-dependent manner in relation to quercetin/extracts concentrations 
(Figures 4.2, 4.3 and 4.4). The CAA values for Tulsi essential oil and leaf extracts are 
shown in Tables 4.1 and 4.3. To calculate the antioxidant activity values a standard 
curve is needed which is obtained from a series of different quercetin concentrations.  
Figure 4.5 displays the quercetin standard curve (CAA value versus concentrations). 
The calibration curve was performed using a 4 parameter fit in the concentration range 
of 32- 2000 µmol \ ml (R2 = 0.99). The CAA QE values for unknown samples were 
subsequently calculated from the quercetin calibration curve. The CAA QE values were 
expressed as micromoles of Quercetin equivalent (QE) and the results are presented in 
Tables 4.2 and 4.4. The CAA QE value increases in a concentration-dependent manner, 
and displays the highest values at a concentration of 20 mg of the essential oil (397.24) 
and leaf extract (736.28). Those concentrations were used to calculate the CAA QE 
value per g/kg of extract.  
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Figure 4-2: Display fluorescence in RFU versus time in minutes. S1 is the control with 
no treatment, S2- S5 are Tulsi essential oil concentrations range of 2.5-20 µl/ ml. 
 
Figure 4-3: Display fluorescence in RFU versus time in minutes. S1 is the control with 
no treatment, S2- S5 are Tulsi leaf extract concentrations range of 2.5-20 mg/ ml. 
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Figure 4-4: Display fluorescence in RFU versus time in minutes of the quercetin 
concentrations range of 32- 2000 µmol/ ml. S1 is the control with no treatment, S2- S5 
are 2000 – 250 µmol quercetin concentrations.  
 
 
Figure 4-5: Displays the quercetin standard curve (CAA value versus concentrations).  
To determine the QE value of a sample, a concentration of antioxidant is chosen that 
falls within the concentration limits of the quercetin standard curve.  
 
µM 
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Table 4-1: CAA values of different concentrations of Tulsi essential oil from two 
individual experiments (R1 & R2). Each experiment contained three replicates.  
Essential oil CAA value 
CAA 
value 
20 µl 10 µl 5 µl 2.5 µl 
R1 
93.96 92.71 77.5 30.73 
92.25 92.07 76.49 31.19 
88.44 81.68 77.05   
Average  91.55 88.82 77.01 30.96 
R2 
96.19 85.38 62.87 50.05 
93.86 83.93 63.2 45.2 
86.3 82.46 65.92 56.39 
Average  92.12 83.92 63.99 50.55 
Average 
R1 
91.55 88.82 77.01 30.96 
Average 
R1+ R2 
91.83 86.37 70.50 40.75 
STD 0.40 3.46 9.20 13.84 
SE 0.28 2.44 6.51 9.79 
- No significant different between R1 and R2 (P < 0.05)  
 
Table 4-2: CAA  quercetin  equivalent values of different concentrations of Tulsi 
essential oil calculated from two individual experiments (R1 &R2)  
CAA 
QE 
20 µl 10 µl 5 µl 2.5 µl 
R1 415.44 212.67 55.65 << y rang 
R2 379.06 197.43 62.37 << y rang 
Average 397.25 205.05 59.01  
STD 25.72 10.78 4.76  
SE 18.19 7.62 3.36  
- No significant different between R1 and R2 (P < 0.05)  
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Table 4-3: CAA values of different concentrations Tulsi leaf extracts from two different 
experiments (R1 &R2). Each experiment contained three replicates. 
Leaves extract CAA value 
CAA 
value 
20 mg 10 mg 5 mg 2.5 mg 
R1 
94.78 89.91 87.78 66.67 
94.98 90.06 84.94 99.44 
92.72 87.32 84.68 99.5 
Average  94.16 89.09 85.8 88.54 
R2 
95.39 92.95 80.18 64.07 
94.53 93.08 75.56 69.37 
93.89 91.87 74.85 66.23 
Average  94.60 92.63 76.8 66.56 
Average 
R1 
94.16 89.09 85.8 88.54 
Average 
R1+ R2 
94.38 90.87 81.33 77.55 
STD 0.22 1.77 4.47 10.99 
SE 0.31 2.50 6.32 15.54 
- No significant different between R1 and R2 (P < 0.05)  
 
Table 4-4: CAA  quercetin equivelent values of different concentrations of Tulsi leaf 
extract calculated from two individual experiments (R1 & R2) 
CAA 
QE 
20 mg 10 mg 5 mg 2.5 mg 
R1 606.58 364.35 128.96 93.29 
R2 865.97 323.13 134.78 104.40 
Average 736.28 343.74 131.87 98.85 
STD 183.43 29.15 4.11 7.86 
SE 129.70 20.61 2.90 5.56 
- No significant different between R1 and R2 (P < 0.05) 
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4.2.5 Determination of Tulsi essential oil antioxidant activity 
A 20 mg/ml Tulsi essential oil has a CAA QE equal to 397.25 µM quercetin. This 
implies that a 397.25 µmolar solution of quercetin gives the same effect as 20 mg/ml of 
Tulsi essential oil. In other words, a 397.25 µM solution of quercetin is equal to a 
solution where 397.25 µM quercetin is dissolved in 1000 ml of water.  Notice that the 
volumes of buffer that both are dissolved in are the same because the volumes can be 
cancelled out (397.25 µmole QE/20 g of Tulsi oil). There are 19.86 µmole QE/ml of 
Tulsi oil or 19862.3 µmole QE/ 1L Tulsi oil. Finally, the antioxidant activity of the 
essential oil was expressed as 19862.3 µmole QE/L Tulsi oil. 
4.2.6 Determination of Tulsi leaf extract antioxidant activity 
At higher antioxidant concentrations there was no discrepancy in the readings (Table 4-
3). The discrepancy only occurred at the lower concentrations. Therefore only the 
higher concentration of (20 mg) was used for the assay. Further study is needed to 
examine the effect of honey on the antioxidant activity at lower concentrations but as 
we did not use the lower concentrations in the rest of the study we did not investigate 
this further. 
A 20 mg/ml Tulsi leaf extract has a CAA QE equal to 736.28 µM quercetin and such a 
concentration solution gives the same effect as 20 mg/ml of Tulsi leaf extract. In other 
words, a 736.28 µM quercetin is equal to a solution where 736.28 µM of quercetin are 
dissolved in 1000 ml of water.  Notice that the volumes of buffer that both are dissolved 
in are now the same therefore the volumes can be cancelled (736.28 µmole QE/20g of 
Tulsi leaf extract). There are 36.814 µmole QE/ g of Tulsi leaf extract or 36814 µmole 
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QE/ 1kg tulsi leaf extract. Finally, the antioxidant activity of the Tulsi leaf extract was 
expressed as 36814 µmole QE/kg Tulsi leaf extract. 
4.2.7 Determination of Tulsi Essential oil and leaf extract EC50 
The half maximal effective concentration (EC50) was calculated from the dose response 
curve where the CAA unit = 50. The EC50 calculation for both Tulsi essential oil and 
leaf extract is described in more detail in Sections (4.4.7.1 and 4.4.7.2). The EC50 
values for the essential oil and leaf extract were 2.47 ± 0.13 and 1.22 ± 0.14, 
respectively.  
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 Determination of Tulsi Essential oil EC50 4.2.7.1
 
Essential oil 
R 1 2.21 
R 2 2.72 
EC50 = 2.47 
std 0.18 
SE 0.13 
*EC50:. Calculated from two individual experiments each experiment contains three 
replicate 
 EC50 Tulsi = 2.47 µl  
 EC50 quercetin (averaged over six assays is) ~ 49 µmole/L 
 CAA= 49 µmole QE/ 2.47 µl Tulsi oil 
 CAA=19.84 µmole QE/ ml of Tulsi oil 
y = 1.2709x - 0.5528 
R² = 0.9848 
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 Determination of the leaf extract EC50 4.2.7.2
 
Leaf extract 
R 1 1.02 
R 2 1.42 
EC50 = 1.22 
std 0.14 
SE 0.10 
* EC50: Calculated from two individual experiments each experiment contains three 
replicate 
 EC50 Tulsi = 1.22mg/ml = 1.22 g/L 
 EC50 quercetin (averaged over six assays is) ~ 49 µmole/L 
 CAA= 49 µmole QE/ 1.22 g leaf extract 
 CAA=40.16 µmole QE/ g of leaf extract 
y = 1.1355x - 0.172 
R² = 0.9477 
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4.3 Statistical Analyses  
Prism (Prism-6.03.5-R2) was used to determine the statistical significance between 
experiments using unpaired Student’s t-test. Differences were considered to be 
significant when p < 0.05. 
4.4 Results and Discussion 
4.4.1 Cell Viability Results  
To determine the effect of Tulsi extract and essential oil on cell viability, the Presto-
Blue test was used. The main purpose of this test was to examine the effect of the 
treatment on cell viability, as this also affects the antioxidant results. As the cells in the 
antioxidant assay were treated for one hour only, the cells in the Presto-Blue test were 
also treated with extract for an hour. The cells were treated with different 
concentrations of the extract, ranging from 2.5 to 20 mg/ml. The results demonstrated 
that both extracts affected antioxidant activity in a dose-dependent manner when added 
in different concentrations for 1 h. The cytotoxicity of the extracts decreased in relation 
to decreasing concentration. The cell viability decreased by less than 20% when the 
cells were treated with a concentration of 20 mg/ml. Both essential oil and concentrated 
leaf extract concentrations of 20 mg/ml were within the expected range as they led to 
decreased cell viability of less than 20% that was considered a level that was not 
cytotoxic. Concentrations below 20 mg/ml had no effect on the cell viability results, as 
shown in Figure 4.6.  
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Figure 4-6: Cell viability assay results of Tulsi essential oil and leaves extract 
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4.4.2 Tulsi antioxidant activity in comparison to other studies  
The CAA assay was first developed in (2007) by Wolfe & Liu, and later, the optimised 
method was used to measure the antioxidant activity of fruits (Wolfe et al., 2008) and 
vegetables (Song et al., 2010). Other studies used the same method with some 
modifications to investigate the antioxidant activity of plant materials (Hiraganahalli et 
al., 2012; Mcdowell et al., 2011; Cecilia et al., 2007). Recently the assay has also been 
adapted for different cell lines for example; Cecilia et al. (2007) used epithelial cells 
(HaCat) instead of HepG2 cells. Furthermore, these three studies could not use the 
antioxidant activity calculations as explained by Wolfe et al., (2008) because of the lack 
of details. Therefore, the antioxidant activity calculations used here are detailed in the 
method sections.  
Table 4.5 compares the CAA QE values of Tulsi essential oil and leaves with the CAA 
QE values of some fruits and vegetables examined by Liu and colleagues (2007, 2008 
and 2010). Tulsi essential oil and leaf extract have significantly higher CAA QE values 
than fruits and vegetables. As demonstrated in Table 4.5, the CAA QE (μmol QE/100g 
dry weight) of Tulsi leaf extract is the highest (3681.4), followed by Tulsi essential oil 
(1986.2) than some other fruits and vegetables. However, Cecilia et al., (2007) 
examined the antioxidant activity of different tea extracts and found green tea had the 
highest CAA QE (17040 μmol of QE/100 g) which is higher than the antioxidant 
activity of both Tulsi leaf extract and essential oil.  
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Table 4-5: Comparison of antioxidant activities of Tulsi leaf extract, essential oil and 
some fruits and vegetables results from other studies examined using the same CAA 
assay. 
Fruit/ Veg 
extracts μmol of QE/100 g 
Tulsi leaves extract 3681.4 
Tulsi essential oil 1986.2 
pomegranate 163 
blackberry 154 
wild blueberry 74.1 
strawberry 42.2 
apple 28.1 
red grape 24.1 
green grape  9.39 
cherry 6.81 
Beet & red pepper 41 
eggplant 37.9 
broccoli 30.4 
 
With regard to the antioxidant properties of Tulsi, researchers have demonstrated that 
the leaf extract has significant antioxidant (Mauli et al., 1997), anti-inflammatory 
(Singh et al., 1996), and anticancer activities (Devi 2001). Phenolic compounds, mostly 
catechins and flavanoids, have been shown in experimental studies to be important 
antioxidants and superoxide scavengers (Benavente-García et al., 1997). Kelm et al., 
(2000), showed high amounts of phenols and flavonoid compounds are present in Tulsi 
leaf extract, which may be responsible for their significant antioxidant and anti-
inflammatory activity.  These studies demonstrated that eugenol has significant 
antioxidant property at a concentration of 10-μM (Kelm et al., 2000). Phytochemical 
examination has identified some of the major active antioxidant compounds in Tulsi, 
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including flavonoids (vicenin and orientin) and phenols (eugenol, isothymucin, 
cirsilineol, apigenin, isothymonin and vosamarinic acid). These compounds have been 
demonstrated to display potent anti-inflammatory and antioxidant activities (Kelm et 
al., 2000; Devi et al., 1999). For example, eugenol is present in Tulsi at a relatively 
high concentration and it shows good antioxidant properties by efficiently inhibiting 
lipid peroxidation and increasing endogenous GSH levels (Devi et al., 1999). Simillary, 
Prakash et al., (2005) demonstrate that Eugenol which is one of the most abundant 
volatile compounds present in Tulsi essential oil, appears to be responsible for its anti-
oxidative properties due to lipid peroxidation. 
Although several in vivo studies examined antioxidant activity of Tulsi extracts using 
animal models, surprisingly few studies have examined the antioxidant activity in vitro. 
Panda et al., (1998) reported a significant increase in antioxidant enzymes in the liver, 
such as catalase and SOD, after treatment with an aqueous extract of Tulsi. 
Yanpallewar et al., (2004) used male Charles–Foster rats to investigate the effect of a 
methanolic extract of Tulsi; the animals received this extract orally in dosages of 200 
mg/kg/day. The results suggested that the treatment with Tulsi extracts significantly 
prevented the increase in MDA levels and up-regulation of SOD activity, resulting in 
decreased excessive formation of ROS.  
Tulsi leaf extracts, given orally, have been evaluated pharmacologically in various 
types of animal models and in humans.  Khanna et al. (2003) found that an alcoholic 
leaf extract has analgesic activity in mice at doses of 50 and 100 mg/kg body weight. 
Extracts prepared from leaves were also shown to reduce blood glucose in animal 
models (Vats et al., 2002; Rai et al., 1997; Dhar et al., 1968). Moreover, a significant 
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decrease in fasting and postprandial blood glucose levels occurred after oral 
administration of Tulsi leaf extracts to humans (Agrawal et al., 1996).  
However, few studies examined both in vivo and in vitro antioxidant activity of Tulsi 
where one example is a study performed by Samson et al. (2007). The experiments 
were performed using Wistar strain male albino rats and Tulsi extract was given 
intraperitoneally at a daily dosage of 100 mg/kg body weight. The in vivo experiment 
applied such as DPPH and ABTS radical scavenging activity and others, to measure the 
free radical scavenging enzymes and endogenous antioxidants. An ethanolic extract of 
Tulsi showed DPPH radical scavenging activity, with an IC50 value of 28.89 μg/ml, 
and hydroxyl radical scavenging activity, with an IC50 value of a 661.11 μg/ml. 
Quantitative measurements such as total phenolics or flavanoids were performed to 
identify the compounds which may be responsible for the antioxidant activity.  1 g of 
ethanolic extract comprises 358 μg of carotenoids, 786 μg of flavanoids and 9766 μg of 
phenolics. Bhargava et al., (1981) indicated that a high dose of the LD50 value of Tulsi 
(4508 ± 80 mg/kg orally) tested in albino rats was safe, possibly indicating that the 
dosage used might be safe for humans (Samson et al., 2007).  
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4.5 Conclusion 
In the food industry, synthetic antioxidants, such as butylated hydroxyanisole (BHA) 
and butylated hydroxytoluene (BHT) have been extensively used as antioxidants. 
However, they may potentially cause carcinogenesis and liver damage (Wichi 1988). 
Therefore, identification of natural antioxidants, primarily from plant sources, has 
become a global priority. Numerous medicinal species show great antioxidant potential 
as revealed by several studies (Krishnaiah et al., 2011; Ali et al., 2008; Matkowski 
2008; Scartezzini et al., 2000). The beneficial properties claimed for Tulsi essential oil 
have been related to the different bioactive chemicals present in different types of 
preparations and the different cultivars or geographical regions where the plants are 
grown. Bioreactive agents include eugenal, eugenol, methylchavicol, limatrol, 
caryophylline and carvacrol. The results of this study indicated that Tulsi extracts 
possess potent antioxidant properties. The total antioxidant activity is probably due to 
the high amount of phenolic compounds which could be used as a rich source of natural 
antioxidant. 
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Chapter 5  
Production of Tulsi honey and estimation of 
botanical and geographical origin of honeys 
5.1 Introduction  
Tulsi has been known as a valued herb since ancient time. For instance, in his 
compendium 4000 years ago, Dr. Charaka prescribed using Tulsi leaf extract mixed 
with honey taken three times a day to cure whooping cough and chest infection 
(Davidson 2013). Recently, extracts of Tulsi leaf and honey were studied for their 
antimicrobial activity against S. aureus strains. Pure honey showed good activity 
against S. aureus whereas Tulsi leaf extract showed moderate activity against S. aureus 
(Murthy et al., 2014). To the best of my knowledge to date there are no peer reviewed 
papers about Tulsi honey made naturally from nectar. However, there are several Tulsi 
honey products available in the market that are made by mixing Tulsi extract with 
honey to enhance bioactivity. For instance, Nectar Fresh (2015) claim on their website 
that “Tulsi Honey”, which is a mixture of pure honey with Tulsi leaf extracts, promotes 
general health and supports the body's natural defence against diseases and stress. 
Kudos Laboratories India (2015) make honey mixed with Tulsi and ginger and claim 
that it keeps the digestive and breathing systems healthy and it increases the efficacy of 
medicines and reduces their side effects.  
The main objective of the work reported in this chapter was to produce bioactive honey 
from Tulsi using both conventional and alternative honey production methods under 
 [100] 
 
highly controlled conditions. The first stage was to produce a bioactive honey from 
Tulsi naturally using the conventional production method but under controlled 
conditions. The second stage was to produce Tulsi honey from extracts using the 
alternative controlled conditions method. The other aim of this chapter was to compare 
the mineral, phenolic and volatile content of honeys for identification of best method to 
trace honey origin. 
Melissopalynologicy is a microscopically analysis technique used to determine the 
origin of honey based on the type and amount of the pollen present in it. To qualify as 
uni-floral honey for instance, >45% of the pollen should be from the same plant species 
(Louveaux et al., 1978). Melissopalynological assessment is the standard method used 
for identification of the botanical origin of honey. However, this method requires 
specialized knowledge and expertise and is time-consuming as it involves a laborious 
counting procedure. The quality and reproducibility of medicinal honey assessed using 
this method cannot be guaranteed and this means that, for instance, Manuka honey 
(produced using the conventional method) in the market is ranked from 0 (Not 
detectable) to 20+ (Superior with very high activity) based on their medicinal quality 
which in turn is based on pollen assessment. Therefore, this chapter also examined 
newer and faster methods suitable for routine analysis of honey origin that would be 
suitable for assessing multiple samples in a short time.  
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5.2 Materials and Methods 
5.2.1 Honey production using the conventional method under highly 
controlled conditions 
Honey was produced with the help of a professional beekeeper in a purpose-built 
enclosure (Figure 5.1). In August 2013, 140 Tulsi plants were propagated in a 
glasshouse. The conditions for the compartment were set as described in Table 5.1 and 
an irrigation system was used for watering the plants 4 times a day for 1 min each. After 
3 months (in December 2013) the plants started flowering. Plants were used in two 
batches. First, 70 Tulsi plants were placed in the enclosure and a beehive was added 
during the flowering period (Figure 5.2). After a month the plants, especially those 
placed at the back of the enclosure, dried out and stopped flowering. Consequently, they 
were moved out and another 70 potted Tulsi plants were placed inside the enclosure. 
All hive frames were photographed before (Figure 5.3a) and after (Figure 5.3b) the 
experiment on a weekly basis to assess the rate of honey accumulation. Photographs 
and videos were taken of the enclosure and the beehive to evaluate bees’ behaviour and 
plant growth. Three months later in March 2014, the uncapped honey was harvested. 
Natural Tulsi honey collected from the honeycombs was stored at -20 ºC in the dark 
(Figure 5.4). 
 
Table 5-1: The glasshouse conditions for the compartment were set at the following: 
 
Cooling Heating 
Max temp:                    28  High temp:                 20 
High temp:                   26 Low temp:                  18 
Low temp:                    24 Min temp:                   18 
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Figure 5-1: A purpose-built enclosure for production of honey by conventional method 
under highly controlled conditions 
 
Figure 5-2: 70 potted plants transferred to the enclosure on 24
th
 Feb 2014 along with a 
beehive.
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Figure 5-3: (a): Natural honey frame on the first day of the experiment. The green 
arrows point to the brood in the middle of the frame; (b) the green arrow shows the new 
honey in the same frame after 3 months.  
b 
a 
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Figure 5-4: Tulsi natural uncapped honey after collection  
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5.2.2 Honey production using the alternative method under highly 
controlled conditions 
Honey was produced with help of a professional beekeeper at his farm (Healesville, 
VIC, Australia). The bee enclosure was purposely built for the bioactive honey 
production experiment. The enclosure contained two identical compartments measuring 
3 m high x 4 m long x 3 m wide, and green shade-cloth was used to cover the metal 
frame. Two beehives were used, each placed in a separate enclosure. One was 
designated the control hive and the other was designated the treatment hive (Figure 
5.5a). Each hive possessed a colony of worker bees, a queen bee, two frames with 
broods and empty frames. All frames were photographed before and after the 
experiment on a weekly basis (Figure 5.5b).  
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Figure 5-5: (a) Bee enclosure (Healesville, Victoria). The enclosure contained two 
identical compartments measuring 3 m high x 4 m long x 3 m wide. Green shade-cloth 
was used to cover the metal frame; (b) photographs and videos were taken of the combs 
to assess bee behaviour.   
b 
a 
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The concentration of the artificial nectar substitute was calculated based on the 
concentration of those substances in real flower nectar (Perret et al., 2001). For 
instance, the ratio of the total sugars percentage of (glucose+ fructose) to sucrose was 
calculated to be 25:75. For the treatment hive, Tulsi leaf extracts and essential oil were 
added to the recipe as the volatile compound flavour source based on the antimicrobial 
and antioxidant assay results. Flavour compounds such as phenolic compounds and 
others were extracted from 100 g of Tulsi mature leaves collected from the same plant 
at the RMIT University medicinal garden (Figure 5.6a) using the acetone extraction 
method. The total phenolic content of Tulsi leaf extract was measured using a 
colorimetric Folin Ciocalteu method based on the method described in Chapter 4 
section 4.2.2. The total phenolic content present in a 100 g Tulsi leaf acetone extract 
comprised 20± 0.02 mg GAE/100 g Tulsi leaf extract demonstrated to have potent 
antioxidant activity. Tulsi essential oil showed high bioactivity at a concentration of 2.5 
- 4.5% for most of the bacteria tested (refer to Chapter 3). Therefore, a concentration of 
3% Tulsi essential oil was mixed with both the nectar and pollen substitutes at the rate 
of 1.5% each.  
Moreover, as this was a pilot experiment, two formulations were prepared: the original 
one as described above and a reduced formulation with a reduced amount of sugars, 
Tulsi leaf extract and essential oil. In the second formulation, the percentage ratio of 
(glucose+fructose) was reduced to 12.5%:87.5% to sucrose. Whereas, the Tulsi leaf 
extract were reduced to 30 ml/l and the essential oil to 0.75% (Table 5.1). The bees 
were fed ad libitum either an artificial sugar solution only as an artificial nectar 
substitute (control hive), or with the artificial sugar solution mixed with Tulsi essential 
oil and leaf extract (treatment hive) (Figure 5.6 b).  
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Figure 5-6: (a) Mature Tulsi leaves collected from the garden to use in the nectar 
substitute recipe: (b) The nectar and pollen substitute for both control hive (on the right) 
and treatment hive (on the left).  
 
Table 5-2: Showing the nectar substitute recipe for both control and treatment hives 
 
Substances 
Control nectar substitute Treatment nectar substitute 
Original 
formulation 
Reduced 
formulation  
Original 
formulation 
Reduced 
formulation  
Sucrose 75% 87.5% 75% 87.5% 
Glucose 12.5% 6.25% 12.5% 6.25% 
Fructose 12.5% 6.25% 12.5% 6.25% 
Tulsi leaf 
extract 
- - 100 ml/l 30 ml/l 
Essential  oil - - 1.5% 0.75% 
Lecithin 
granules 
- - 0.6 g 0.6 g 
 
 
 
b a 
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An artificial pollen substitute was made using a special mixture containing similar main 
elements of substances as the composition of real pollen such as carbohydrates, proteins 
and vitamin C. Proteins are the main elements present in pollen therefore different 
concentration of soy flour, Brewers yeast and non-fat dry milk were used as described 
in Table (5-2). In the treatment hive, pollen substitute was supplemented with Tulsi 
essential oil.  
Table 5-3: Showing the pollen substitute recipe for both control and treatment hives 
Pollen substitute recipe Control Hive g/kg Treatment Hive g/kg 
Soy flour 300 300 
Brewers yeast 150 150 
Non-fat dry milk 150 150 
Vitamin C 5 5 
Essential  oil - 1.5 % 
To monitor the consumption of the nectar substitute, two identical 300 mL bottles with 
special Beekeeping Entrance Feeder inside a transparent box were used in both the 
control and treatment enclosures (Figure 5-7). They were refilled when both bottles 
were finished at the same time. By the end of the experiment, a total of seven litres of 
the nectar substitute had been consumed by the bees in both hives. The pollen substitute 
was weighed before the experiment. A water container was placed in each enclosure as 
bees use water to cool the colony, especially in the summer, and for other purposes 
(Kühnholz et al., 1997).  
Photographs and videos were taken of the enclosure and the bee hives to evaluate the 
bees’ behaviour. In addition, photographs were taken of the frames at the beginning of 
the experiment and before honey was collected to assess the honey collection; see 
Figure 5-8 for the treatment hive and Figure 5-9 for the control hive. Approximately 
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two frames full with capped and uncapped honey were collected from the treatment and 
control hive (Figure 5-10). A full frame of honey can hold approximately two kilos of 
honey. The honeycombs were stored in the dark and kept at –20ºC.  
 
 
 
Figure 5-7: (a) Treatment hive with pollen and nectar substitute that were fed to the 
bees using a special Beekeeping Entrance Feeder inside a transparent box; (b) Control 
hive.
b 
a 
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Figure 5-8: (a) Honey frame on the first day of the experiment; (b) The same frame 
after a month,  which has both Tulsi extract capped and uncapped honey from the 
treatment hive. 
 
 
b 
a 
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Figure 5-9: (a) Honey frame on the first day of the experiment; (b) The same frame 
after a month, which has both capped and uncapped honey from the control hive. 
b 
a 
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Figure 5-10: (a) Tulsi extract capped honey (b) Tulsi extract uncapped honey from the 
treatment hive (c) control honey capped with a sugar syrup-like colour. 
b 
c 
a 
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5.2.3 Isolation and identification of the elemental compounds in honey 
 Samples  5.2.3.1
Standard solutions from 5-100 mg/L stock solution were prepared of Al, B, Ca, Cu, K, 
Mg, Mn, Na, Zn and Fe from stock solution of 100 mg/L (prepared by laboratory staff 
at RMIT University) by adequate fold dilution with deionised water produced by the 
MilliQ water purification system (Millipore, NSW, Australia).  
 
 Honey digestion 5.2.3.2
1 g of each honey sample was weighed in PTFE vessels and dissolved with 10 mL 
concentrated nitric acid (HNO3), and then the samples were digested in a microwave 
oven using the MARS 6 Microwave Reaction System (CEM World Headquarters, 
Matthews, NC, USA). Instrumental parameters and settings were applied using the 
operational conditions developed by Madejczyk and Baralkiewicz (2008) (Table 5-3). 
Nitric acid (HNO3) was used for dissolving and digesting the samples and preparing the 
blank solutions. The digested samples elemental analysis was performed using 
Inductively-Coupled Plasma-Mass Spectrometer (ICP-MS). 
 
Table 5-4: Operative conditions for the microwave oven digestion 
Step Power 
(W) 
Time 
(min) 
Temperature 
(°C) 
Max. Pressure 
(PSI) 
Hold (min) 
1 600 8 120 350 8 
2 600 7 180 350 10 
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 Inductively-Coupled Plasma-Mass Spectrometer (ICP-MS) 5.2.3.3
Elemental analysis was performed on an Agilent 7700 series Inductively Coupled 
Plasma-Mass Spectrometer (ICP-MS) with an Octopole Reaction System (ORS3) using 
the method of Madejczyk and Baralkiewicz (2008). Briefly, the ICP-MS fitted with 
a MicroMist nebulizer was used, interface was sampler and skimmer cones in 
Ni<comma>, RF generator was set at 1500 W and the argon flows at 0.75 (L/min), 
nebulizer pump 0.1 (rps), scanning condition number of replicate 4<comma> dwell 
time 1 s, Scanning mode pulse, reduction gas flow (mL/min): H2 3.3, He 3 and Internal 
standard 45Sc<comma> 115In<comma> 159Tb<comma> 209Bi<comma>.  
 
5.2.4 Determination of phenolic acids and flavonols in honey  
Standards of vanillic, gallic, caffeic, syringic, O-coumaric acids as well as quercetin and 
kaempferol were obtained from Sigma (Castle Hill, NSW, Australia). Methanol of 
HPLC grade was obtained from Merck. Ultrapure water was obtained from the Milli-Q 
system (Millipore, Bedford, MA, USA). The SPE cartridges used were Varian, Oasis 
HLB (500 mg) from (Waters, Rydalmere, NSW, Australia). They were conditioned by 
washing with 4 mL of methanol HPLC grade and 2 mL of deionised water.  
 Solid-phase extraction procedure for the identification of the 5.2.4.1
phenolic acids and flavonols in honey 
Honey samples (5 g) were mixed with 50 mL of deionised water adjusted to pH 2 with 
HCl and stirred with a magnetic stirrer for 15 min. The samples were then filtered 
through cotton wool to remove the solid particles. The influence of the presence of a 
matrix effect that potentially affected the extraction signals of the analytes was 
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examined using spiked honey. Honey samples (Control and TEC honey) were spiked 
with tested standard compounds (40 mg/L each).   
Extraction was performed with the vacuum station from Varian (Agilent, Preston, VIC, 
Australia). The HLB cartridge was then loaded with a filtrated honey sample or a 
spiked honey sample. To remove all polar constituents such as sugars, the HLB 
cartridge was first washed with 20 mL of acidified water (pH= 2) with HCL added. 
Then adsorbed phenolic and flavonols compounds were eluted with 20mL methanol. 
Lastly, the extract was concentrated to 5mL under reduced pressure in a rotary 
evaporator at 40
o
C, filtered through a 0.45 µm membrane filter and injected into An 
Acquity UPLC-UV separation system (Waters, Rydalmere, NSW, Australia) in 
duplicate.  (Michalkiewicz et al., 2008).            
 Ultra High Performance Liquid Chromatography UPLC-UV 5.2.4.2
An Acquity UPLC-UV separation system consisting of Acquity binary solvent manager 
(BSM), sample manager (SM), column manager and PDA detector was used for the 
study. The analysis was performed according to the method of Nováková et al., (2010) 
with minor modifications. A BEH C18 analytical column 50 mm × 2.1 mm, 1.7 m, 
(Waters, Rydalmere, NSW, Australia) was installed to the system and the mobile phase 
consisted of 0.1% formic acid (solvent A) and methanol (solvent B). The following 
gradient program was employed: 0–4 min isocratic elution (88.5% A: 11.5% B) and 12 
min linear gradient elution from 88.5% A: 11.5% B to 50% A: 50% B. The initial flow 
rate was 0.25 mL/min. The column oven temperature was set to 25
o
C and the samples 
were kept at 4
o
C in the sample manager. The partial loop injection mode, with needle 
overfill, injected a volume of 0.2 µl. Methanol was used as a strong wash solvent and 
10% methanol as a weak wash solvent. The calibration curves were measured using 
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mixed standard solutions in a wide concentration range from 0.5 to 0.0125mg/L. The 
response was linear in the tested range with correlation coefficients > 0.99- 0.98 for all 
anolytes (refer to Appendix3). 
 
5.2.5 Isolation and identification of the volatile compounds in honey 
A volatile organic compound profile was performed using HS-SPME Followed by GC-
MS, the same method as in previous chapters with some modification, as described 
below: 
Isolation of the volatile compounds was performed using a previously described SPME 
procedure (Alissandrakis et al., 2005).  Briefly, 6g of honey and 2ml of MilliQ H2O 
was placed in a 4-ml clear, screw-top vial and sealed with a black polypropylene open-
top cap and a PTFE (polytetrafluoroethylene) silicone septum (Agilent Technologies, 
Santa Clara, CA, USA). The honey samples were mixed by stirring and heated in a 
water bath, with the temperature set at 60
o
C. Equilibration time and sampling time were 
set at 30 and 60 min, respectively. A 50/30-µm Divinylbenzene /Carboxen/ 
Polydimethylsiloxane (DVB/carboxen/PDMS) fibre fitted to a manual sampling fibre 
holder (Supelco, Bellefonte, PA, USA) was used for this part of the work. The fibre was 
conditioned according to the manufacturer’s instructions (i.e. extended into the gas 
chromatograph (GC) injection port at 270ºC for 60 min) before use.  
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 Gas chromatography–mass spectrometry 5.2.5.1
The preconditioned DVB/carboxen/PDMS fibre was inserted into the headspace of the 
vial containing the sample and held there for 60 min. The volatiles were then desorbed 
by placing the fibre into the gas chromatograph (GC) injection port for 5 min. 
Identification of the volatile compounds was performed using an Agilent 5973 GC-MS 
unit fitted with a DB-5 MS 5%-phenyl-methylpolysiloxane fused silica column with 
dimensions 30 m x 250 μm i.e., a film thickness of 0.25 µm, (Agilent Technologies, 
Mulgrave, Australia). Helium (99.99% purity) was used as the carrier gas at a flow rate 
of 1. 6 ml /min >Split less mode for 1 min. The initial GC oven temperature was 40°C 
for 1 min, after which it was raised from 40°C to 247°C at 4°C/min. The injection port, 
transfer line, and source temperatures were 250°C, 280°C, and 230°C, respectively. The 
mass scan range was 41–415 m/z. Data acquisition and processing were performed 
using MSD ChemStation (E02.00.493).  
 Identification of the volatile compounds  5.2.5.2
Qualitative identification was performed using GC–MS reference libraries (Adams 
2007, Wiley 7th edition, and NIST 2.0) using an 80% similarity match cut-off value.  
Concentrations of the studied compounds were calculated from the peak areas in the 
total ion chromatograms.  The relative abundance of each compound was obtained from 
electronic integration measurements using the mean of three replicates.  
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5.2.6 Data Analysis  
All determinations were performed in duplicate/ triplicate and the average value and SD 
were obtained using Microsoft Excel 2010. Prism (Prism-6.03.5-R2) was used to 
determine the statistical significance of experiments using the unpaired Student’s t-test. 
Differences were considered to be significant when p < 0.05.  
The data obtained from the volatile, mineral and phenolic analyses were examined 
using the several multivariate statistical methods, including Principal Component 
Analysis (PCA) to assess which method provides the most reliable identification of the 
botanical source of honey. PCA analysis was applied in order to classify honey 
according to its mineral, phenolic or volatile compounds and all three elements 
together. Visually, PCA can be displayed as the score plots of the two principal 
components (PC1 vs PC2).  Depending on how much each PC accounts for of the total 
variation, for example if PC1 and PC2 explain >80% of the total variation, they can be 
used to represent the data set adequately. 
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5.3 Results and Discussion 
5.3.1 Honey production naturally using the conventional method with 
controlled conditions 
During honey production using the conventional method, the plants, especially those 
placed at the back of the enclosure (shade area) dried out and stopped flowering after a 
month because they did not receive enough sunlight. Therefore, these plants were 
replaced with another 70 plants. Similarly, the effect of full sunlight and light shade 
were examined for Spiraea tomentosa and Spiraea alba. The plants grew larger and 
with a greater quantity of inflorescences in full sunlight compared to the plants grown 
in light shade. Moreover, the leaf area in both species when grown in shade increased 
and the flowering area decreased (Stanton et al., 2010). Three months later in March 
2014, the plants stopped flowering completely. The queen bee did not produce any eggs 
because there was not enough pollen stored in the hive. This caused the colony to 
become weak and many bees perished. Therefore, it was necessary to end the 
experiment. For these reasons, the honey was collected before it was capped.  
5.3.2 Honey production using the alternative method under highly 
controlled conditions 
Before beginning this section it is important to indicate that this is a pilot experiment 
and no data is available from the same area to compare with the data obtained from this 
pilot experiment. Our beekeeper’s experience has been that the size of the enclosure is 
very important for production of honey. Therefore, our enclosures were designed to 
obtain the best environment for the bees to enable them to fly freely and defecate 
outside the hive.  
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Two artificial nectar formulations were prepared for the bees in the alternative honey 
production method. Based on the nectar consumption rate of the bees, we realized that 
the original formulation prepared based on the elemental composition of real nectar was 
not appropriate. This was because the bees in the control hive consumed the sugar syrup 
two times faster than in the other hive. Therefore, a reduced version was prepared with 
a lesser amount of the sugars (glucose + fructose), leaf extract and essential oil. This 
ensured that the bee nectar consumption rate was similar to the sugar syrup used in the 
control hive. However, the bees consumed the reduced artificial nectar two times faster 
than the sugar syrup in the control hive. This suggested that the reduced formulation 
worked better.  
The treatment hive which contained essential oil used in the pollen recipe attracted bees 
compared to the control hive which did not contain essential oil. The bees collected and 
stored the pollen substitute in the treatment hive (Figure 5.11 a), whereas no pollen was 
found in the control hive. It has been found that bees are attracted to pollens based on 
their physical formation and odour, rather than on their nutritional value (Camazine 
1993). The pollen substitutes were weighed before the experiment, but as they were 
attractive to mice, the amount of pollen substitute could not be measured at the end of 
the experiment. The pollen substitute developed in this project provides a mixture, 
which includes proteins, vitamin C, and carbohydrates that fulfil most of the 
requirements to enhance brood rearing (Figure 5.11 b). 
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Figure 5-11: (a) The pollen substitute stored by bees in the frame cells; (b) the pollen 
storage on the left and the brood cells on the right. 
 
 
b 
a 
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The effect of extracts of medicinal herbs on the general physiological condition of the 
honeybee and the probability of using them as disease prevention for bees have been 
examined by Pohorecka (2004). The study was performed on caged bees in the 
laboratory which were divided into two groups: (i) control and (ii) experimental groups. 
Control group were fed with sugar syrup only (3 parts of sugar and 2 parts of water). 
The experimental groups were fed with sugar syrup mixed with different medicinal 
plant extracts for (3 parts of sugar and 2 parts of water with an addition of 5% 
standardized water-alcohol plant extracts). The attraction of the bees to different 
medicinal extract syrups was examined by evaluation of their food consumption. Of all 
the medicinal extract syrups used in their study, only one, Calandula officinalis, was 
less attractive to bees than the others. The mortality rate accounted for 7 to 10% of the 
total number of bees at the start of the experiment in all bee groups after 10 days. There 
was a decrease in body weight in all bee groups including the control one, regardless of 
the type of the medicinal extract syrups they were fed on, in comparison to the body 
weight of the bees at the beginning of the experiment. However, after twenty days of 
the experiment the mortality rates between the treatment groups and the control group 
were compared and found to be similar. The mortality rate was hard to predict as many 
factors were involved in it. For example, it may be due to the normal lifecycle of bees, 
which varies by 50%, especially under laboratory conditions (Muszyńska et al., 1983, 
1981). Moreover, the absence of pollen in their study may have affected the bees’ 
health and caused mortality, as it is more important for bees’ health than nectar. These 
researchers concluded that the addition of medicinal herb extract to the sugar syrup 
considerably improved the overall condition of the bees, including the average bee’s 
body weight. In the present study, the size of the experiment and the thousands of bees 
involved made the counting of dead bees impractical.  
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5.3.3 Estimation of honey’s botanical and geographical origin 
The data obtained from the volatile, mineral and phenolic analyses were examined 
using Principal Component Analysis (PCA) to assess which method is most reliable for 
identification of the botanical source of the honey. As mentioned in the literature 
review, this kind of analysis has been used recently for analysis of complex data 
obtained from advanced chemical analysis instruments such as GC-MS, ICP-MS and 
HPLC (Chua et al., 2012; Chudzinska et al., 2010; Corbella et al., 2006; Devillers et 
al., 2002). However, to the best of the authors knowledge, the data obtained from three 
different analyses, GC-MS, ICP-MS and UPLC-UV, have never been analysed together 
using PCA.   
The mineral contents varied significantly in different honey types. Therefore, mineral 
levels have been recently used as discernment factors for uni-floral honeys and as 
geographical markers. Three factors affect the mineral content in honey: the botanical 
origin, the geographical origin and environmental factors (Bogdanov et al., 2007; 
Nanda et al., 2003). Bogdanov et al., (2007) summarised the factors responsible for the 
differentiation in the composition and percentages of the mineral compounds in honey. 
Overall, these researchers indicated that all geographical, botanical and environmental 
factors have an effect on the trace element content of honey (refer to Chapter 1). In 
addition, for interpretation of the obtained data, basic statistical and multivariate 
procedures should be used, such as Principal Components Analysis (PCA) (Chua et al., 
2012; Chudzinska et al., 2010; Devillers et al., 2002).  Therefore, PCA analysis is 
performed for better interpretation of the results. 
First, the nine mineral compounds obtained from the ICP-MS analysis were analysed by 
PCA (see Figure 5-12). A high percentage of variation (87.8 %) can be explained by the 
 [125] 
 
first three components. The first component (PC1) explained 47.4% of the variation, 
whereas the second component (PC2) together with PC1 explained most of the variation 
with a concentration of 76.6%. The third component accounted for only 11.1% of the 
variation. The score plot showed a good separation between honeys produced using 
alternative production methods (TEC, TEU and Con) and honeys produced 
conventionally. The honeys were separated along the second components’ PC2 (Y 
axis), which accounted for 29.3% of the total variation. Moreover, the plot also showed 
the relationship (close distance) of TEC, TEU and Con with MF honey, because they 
were produced in the same place (geographical origin). The plot also demonstrated a 
close relationship between TEC, TEU and TN, consistent with the fact that they were 
produced from the same plant species (floral origin) (Tulsi) but using different methods. 
 
Figure 5-12: PCA - Principal Component Analysis: Minerals mg/kg 
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As phenolic acids and flavonoids are transferred into honey from the nectar, different 
uni-floral honeys have particular phytochemical profiles, depending on their botanical 
and floral origin. Consequently, recent studies have examined the possibility of using 
the phenolic acid and flavonoid compounds as chemotaxonomic floral markers for the 
identification of the botanical origin of uni-floral honey (Bogdanov et al., 2004). For 
example, the examination of different uni-floral honeys has displayed definite flavonoid 
profiles (Kaškonienė et al., 2010a). Therefore, the phenolic compounds were analyzed 
in this section using PCA to investigate the possibility of using them for the 
identification of the botanical origin of uni-floral honey in comparison to other 
elements.  
Second, the polyphenol compounds (8 compounds) obtained from the HPLC-UV were 
analysed using the same method (PCA) (refer to Figure 5-13 for the results). As 
described in the method section, the extraction and identification of phenolic and 
flavonoid compounds involves many steps and requires solvent extraction. Moreover, 
optimisation of one method and cartridge to identify different types of compounds is 
difficult, especially, with the honey sugar matrix effect, which affects the retention time 
of the extracted compounds (see Appendix 4). In addition, since the UPLC system is 
attached to a UV detector, standard compounds are required for the analysis. Therefore, 
only 8 out of the 10 major compounds nominated that contributed to the antioxidant 
effect mentioned above were identified using the HLB cartridge.   
By comparing the results to the mineral contents, a distinction between the honeys 
produced using alternative production methods (TEC, TEU and Con) and honeys 
produced conventionally is not obvious in the scores plot. However, the first group 
grouped together along the second components’ PC2 (Y axis), accounting for 24.3 % of 
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the total variance, but separation by either botanical or geographical origin could not be 
achieved using the polyphenol compounds. This is likely to be due to the small number 
of polyphenol compounds involved in the PCA analysis.  
 
Figure 5-13: PCA - Principal Components Analysis score plot: Phenolic mg/ml 
Third, the same analysis was repeated using the volatile compound percentages 
obtained from the GC-MS analysis. However, not all the data was analysed because 
every uni-floral honey has different volatile compound patterns, ranging from 9 to 83 
different number of volatile compounds with only a few similar compounds. Therefore, 
a total of 50 volatile compounds that present in at least two different honeys were 
subjected to PCA analysis to compare the results obtained to previous PCA results. 
Similar to the previous PCAs, the two groups of honeys (alternative and conventional 
methods) were separated better by the second component (Y axis) which accounts for 
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49.4% of the total variation (Figure 5-14). A graphical distribution of honeys analysed 
according to both scores (PC1 vs PC 2) revealed that the honeys were divided into two 
separate groups according to their geographical but not their botanical origin.  
 
 
Figure 5-14: PCA - Principal Components Analysis score plot: Volatile compounds % 
 
Lastly, a PCA analysis of the volatile compound percentages, phenols (mg/ml) and 
minerals (mg/kg) was conducted. As expected, a combination of the three PCA results 
in one single PCA established a better separation of the two honey groups. Once again 
they were separated along PC2, which described 20.5% of the total variation but with 
better linear separation along the left-hand and right-hand of the Y axis (refer to Figure 
6-15 a).  
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To clearly present the result, a hierarchical cluster analysis was generated based on the 
data from the first three PCs. Three main clusters were identified by the hierarchical 
clustering for the 8 honeys (Figure 5-15 b). One main cluster was identified at a 
truncation point between 55 and 32, with 6 honeys in total. Two clusters at a truncation 
point of 32 each included only one honey. The first cluster contains the MF, and it is 
clearly separated from the main cluster containing only uni-flora honey. The second 
cluster comprises only CON, because it was produced from sugar syrup only, as 
described in previous chapters. The main cluster was represented by two sub-clusters, 
each containing three honeys at a truncation point between 55 and 32. The first sub-
cluster contains Manuka and Lavender honey at a truncation point between of 77 and 
32, indicating the geographical origin as they were produced in Australia and New 
Zealand. They were clustered at the same truncation point to Sidr honey, which is 
produced in Saudi Arabia. The second sub-cluster represented the honey produced from 
the Tulsi honey (TEC, TEU and TN), confirming their floral origin. Moreover, this sub-
cluster was grouped together with the other two clusters comprising both MF and CON 
honeys, indicating an association of geographical origin as they were all produced on 
the same farm, with the exception of TN. As described in the previous section, since TN 
honey is not fully capped, it clusters a long distance from Tulsi honey and other honeys. 
This is clearly visible in the PCA score plot where it is in a separate group far from the 
other two groups.  
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a.  
b.       
  
Figure 5-15: (a) Principal Components Analysis score plot for volatile compound 
percentages , phenolic (mg/ml) and minerals (mg/kg), (b) Hierarchical dendrogram 
(Minitab- Minitab-16.2.4.0-R4). 
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Overall, the results indicate that PCA of the volatile compound percentages, phenols 
(mg/ml) and minerals (mg/kg) was able to correctly cluster most of the honeys in regard 
to their floral or geographical origin. Moreover, using both score plots and hierarchical 
clusters we can visually group the honeys based on their geographical and floral origin. 
However, the score plot was able to more accurately represent the difference between 
honeys produced using different honey production methods (conventional and 
alternative), whereas the hierarchical cluster was able to distinguish more accurately 
between the floral and geographical origin.  
5.4 Conclusion 
Since online shopping for honey is increasing globally, the identification of honey 
origin and authenticity have become a hot topic amongst consumers. In the last 15 
years, the research for chemical markers has been the centre of attention for many 
research programs. Aroma is one of the distinguishable characteristics of honeys made 
from different flowers. Consequently, it was considered worthwhile to discover if the 
volatile components of honey could be used for the fast and reliable identification of the 
botanical source of honey and its volatile bioactive markers. In honey analysis SPME is 
a good method to isolate volatile compounds because it obviates the need for heat 
treatment of samples. To the best of my knowledge, this is the first report on honey 
chemical profiling combining the volatile compound percentages, phenols (mg/ml) and 
minerals (mg/kg) in one PCA analysis. It may be concluded that PCA analysis is a 
useful tool for the differentiation of honey’s geographical and botanical origins. The 
results establish the possibility of using this method on a larger scale. However, to 
further improve the analysis using PCA, the number of honeys should be increased to 
achieve better separation. 
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Chapter 6  
Examination of honeys antimicrobial and 
antioxidant activity and investigation of factors 
contributing to their bioactivity 
6.1 Introduction  
The biological activity of honey is influenced by its photochemical composition, and 
the same compounds have been identified typically to possess both antimicrobial and 
antioxidant activity. For instance, in Manuka honey methyl syringate, cinnamic acid, 
syringic acid, caffeic acid and others are described by (Gheldof et al., 2002) as 
antioxidants, whereas (Weston et al., 1999) define them as antibacterial agents 
(Kaškonienė et al., 2010a). The antioxidant activity of honey is attributed essentially to 
the flavonoids and phenolic acids and research into these compounds has become an 
interesting topic in recent years (Alvarez-Suarez et al., 2009). (Erejuwa et al., 2012) 
provide a synopsis of different honey findings, describing honey as “a novel 
antioxidant”. They name the possible bioactive compounds in honey which may 
contribute to the antioxidant effect of honey: ellagic, gallic, syringic, benzoic, cinnamic, 
chlorogenic, caffeic, coumaric and ferulic acids, myricetin, galangin, kaempferol, 
hesperetin, isoramnetin, chrysin, quercetin, luteolin and naringenin (Erejuwa et al., 
2012). Although these compounds are present at minor concentrations, they have been 
shown to possess good antioxidant capacity. 
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Many different assays have been reported in the research literature for the determination 
of the antioxidant activity of honey, such as 1,1-diphenyl-2- picrylhydrazyl (DPPH), 
ferric reducing/antioxidant power (FRAP), oxygen reactive antioxidant capacity 
(ORAC) and Trolox equivalent antioxidant capacity (TEAC) (Beretta et al., 2005). 
Although these assays are able to quantitate the amount of antioxidants in raw and 
processed foods they do not give any information on the bioavailability of antioxidants 
when ingested. To the best of my knowledge, this is the first analysis using the CAA 
assay to examine the antioxidant activity of honey in a cell culture model. The honey 
was extracted using the acetone extraction method, which is highly specific for phenolic 
compounds, as generally the antioxidant activity of honey is attributed by numerous 
authors to its phenolic compounds and flavonoids (Erejuwa et al., 2012).  
The physical and chemical properties of honey depend highly on the nectar source, 
which means that uni-floral honeys differ in both composition and activity. Therefore, 
Tulsi honey produced from both methods was examined for its antibacterial and 
antioxidant activity. Moreover, uncapped Tulsi Extract honey from the alternative 
honey methods was also examined, in order to demonstrate the differences between the 
capped and uncapped honeys. Honey produced from the control hive was also 
examined as a negative control, whereas Manuka honey UMF 20+ was the positive 
control. Moreover, Lavender honey, multi-floral honey and Sidr honey were examined 
for comparison purposes. The main question to answer is that Tulsi honey has 
antibacterial and antioxidant activity comparable to the well examined medicinal honey 
(Manuka honey) and other medicinal honeys. 
Moreover, this chapter also provides an investigation of factors contributing to the 
antibacterial and antioxidant activity of all tested honey. The measurement of the 
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moisture, the ratio between fructose and glucose and sucrose, minerals (ash) and pH has 
been recommended by the Honey Quality and International Regulatory Standards 
(Bogdanov et al., 2002; Bogdanov et al., 1999). The physical and chemical properties 
such as levels of moisture, sugar, pH, hydrogen peroxide, minerals, volatile and 
phenolic compounds were measured and comparisons of antibacterial and antioxidant 
activity between different types of honey were conducted. The purpose was to find out 
which compounds contributed most to the bioactivities of each honey and so could 
potentially be used as bio-markers. This study followed on from extensive review of the 
existing literature on honey research which showed that while some work had been 
done on ascertaining the antibacterial activity of one, or occasionally two components 
of various forms of honey to date, there has been no comprehensive research into the 
interaction of multiple constituents of honey for antibacterial and antioxidant impact. 
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6.2 Materials and Methods 
6.2.1 Examination of honey’s antibacterial activity 
The methodology for the examination of both the antibacterial and antioxidant activity 
of Tulsi medicinal plant was as described in Chapters 3 & 4 with minor modifications 
these are outlined below.  
 Honey Samples 6.2.1.1
Tulsi natural honey (uncapped) and Tulsi extract honey (capped and uncapped) and the 
control honey were examined for antimicrobial and antioxidant activity. In addition, 
Manuka (Leptospermum scoparium) from New Zealand, (Watson & Son), Lavender 
(Lavandula angustifolia) from Tasmania (Bridestowe Lavender Estate), Jujube Tree 
(Ziziphus spina-christi) from Saudi Arabia (Sidr honey), and a multi-floral honey 
(predominantly Eucalyptus and Acacia) (Healesville, Victoria) were also examined in 
order to compare their activity with Tulsi honey. Sterilization of honeys prior to use 
was carried out to prevent any microbial contamination by filtration using a 0.45 µm 
Non-Pyrogenic Duraopore PVDF Membrane filter unit (Milipore, Co. Cork, Ireland).  
 Honey Samples abbreviations   6.2.1.2
The samples used were Manuka honey (MAN), Lavender honey (LAV), multi-floral 
honey (MF) Sidr honey, control honey (CON), Tulsi nectar honey (TN), Tulsi extract 
capped honey (TEC) and Tulsi extract un-capped honey (TEU). 
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6.2.2 Antimicrobial activity test 
The honey dilutions were prepared in Mueller-Hinton Broth (MHB, Oxoid, Adelaide, 
Australia) by the following method: 0.5 g of honey and 10µl of DMSO were added to a 
sterile Eppendorf tube (Sarstedt, South Australia). 500 µl of the MHB was then added 
to make the main stock of 50% and the solution was mixed by vortexing.  The broth 
dilution method was used to determine the minimal inhibitory concentration (MIC) of 
the honey, as described in Chapter 3. The MIC values were determined visually as the 
lowest concentration of antibiotics that inhibit the visible growth of bacteria (Figure 6 .1 
a). For the minimal bactericidal concentration (MBC), 100 µl aliquots from each well 
were plated onto MHB agar and viable counts were determined after incubation for 24 h 
at 37ºC (Figure 6.1 b) . 
 
a 
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Figure 6-1: (a) Method of visual measurement of the antibacterial activity of honey 
using Minimum inhibitory concentration (MIC) and (b) Minimal bactericidal 
concentration (MBC).  
 Use of a spectrophotometric bioassay for the determination of 6.2.2.1
microbial sensitivity  
MIC results were also determined by spectrophotometry. After incubation, the optical 
density of the contents of each well was determined using a spectrophotometer at 620 
nm (Omega BMG LabTech, Ortenberg, Germany). The Statistical Package for the 
Social Sciences (SPSS, v.22) was used for the spectrophotometry statistical analyses. 
An alpha level of 0.05 was assumed for determination of statistical significance. An 
ANOVA of the effect of honey types (Tulsi extract capped, Tulsi extract uncapped, 
Tulsi natural, Manuka, Lavender, Sidr, multi-floral and control), honey concentrations 
(25%, 12.5%, 6.25%, 3.125%), the bacteria used for antibacterial testing (S. aureus, 
MRSA, E. coli, P. aeruginosa) and the replication of the experiments (Replicate 1, 
Replicate 2 and each replicate conducted three times) on the percentage of bacterial 
growth was conducted. Factorial analysis between-subjects ANOVA was conducted on 
the presence of bacterial growth with honey types, honey concentrations, bacteria and 
replication of experiments as the independent variables. The data were not normally 
distributed however the skewness and kurtosis of the data were within the limits 0.25 
b 
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and 0.49, as described by Schmider et al., (2010). The independent variables were more 
than 30 and the R
2
 = 0 .97 was very high value. As a result, the data were assumed to be 
homogeneous. Therefore, the Games-Howell test was used to examine the homogeneity 
of the data as the test does not require equal variances or normality in tested data. 
Statistical analysis of the results of the spectrophotometric growth rate showed that the 
concentrations of all honey and bacterial species used significantly affected the amount 
of growth (P < 0.05).   
6.2.3 Examination of honey’s antioxidant activity  
 Honey Extraction 6.2.3.1
The honeys (20 g) were mixed for 5 min in chilled (-20
o
C) 80% acetone (1:2 w/v) using 
a vortex mixer. Samples were then blended with a Polytron homogenizer for 3 min. The 
resulting homogenates were filtered through an 11µm Whatman filter paper and 
evaporated to remove the acetone under vacuum at 45°C (rotavaped for 1 h).The honey 
samples were stored at -80°C.  
6.2.4 Cytotoxicity testing using Presto-Blue assay 
The cytotoxicity of samples to HepG2 (Hepatocellular carcinoma) human cells was 
measured using a Presto-Blue test. Presto-Blue ® Cell Viability Reagent (kit number 
A13262), as explained previously in Chapter 4 section 4.2.3.  
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6.2.5 Cellular Antioxidant Activity (CAA) assay  
To examine the antioxidant activity of honey an OxiSelect™ Cellular Antioxidant 
Activity Assay Kit (Green Fluorescence) (Catalogue number STA-349) was used, based 
on the manufacturer's instructions, as described in Chapter 4 section 4.2.4.  
6.2.6 Determination of a cell culture assay to measure the amount of 
H2O2 in honey 
Samples: cell culture supernatant from the above cytotoxicity assay test. After reading 
the presto-blue results the 96 well plates was centrifuged at 3000 rpm for 5 min to 
remove insoluble particles and kept at -80ºC. The procedure described in the protocol of 
the OxiSelect™ Hydrogen Peroxide Assay Kit (Fluorometric) (catalogue number STA-
344, Cell Biolabs, Ivanhoe, North Melbourne, VIC Australia,) was followed. Basically, 
H2O2 reacts with ADHP which known as Amplex Red and produces highly fluorescent 
resorufin. The H2O2 in unknown samples is determined by comparison with a standard 
curve (Figure 6.2). The H2O2 concentrations were measured at multiple time points to 
follow the kinetics of the reactions. The concentration was calculated based on the 
average of all cycles of 0-55 min using the Omega BMG LabTech software as well as 
the standard deviation between three replicates. A fluorescence microplate reader 
(Omega BMGLabTech, Carbine Way Mornington, Victoria, Australia) was used with 
an excitation of 560 nm and an emission of 590 nm.  
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Figure 6-2: The H2O2 in unknown samples is determined by comparison with its respective H2O2 standard curve min using the Omega BMG 
LabTech software. 
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6.2.7 Determination of moisture content, sugar content and pH 
The water content present in honey samples was determined using a digital 
refractometer (30PX Digital Refractometer, Mettler Toledo, Port Melbourne, VIC, 
Australia). Refractive Index (RI) results from the digital refractometer were converted 
to percentage moisture using a honey moisture conversion table (Sanford 1999). The 
honey pH was obtained using pH universal indicator strips (Ajax Finechem Park Road, 
NSW, Australia).  
For moisture analysis, High-performance liquid chromatography - Refractive Index 
Detectors (HPLC - RI Detectors) analysis was conducted using a LiChroCART R 125-4 
LiChrospher 100 RP-18 (5 µm) HPLC cartridge (50943, Merck, Munich, Germany). 
The calibration curves were created using standard solutions of glucose, fructose and 
sucrose prepared with a concentration of 5.00, 2.50, 1.25, 0.63 and 0.31 mg/ml (please 
refer to Appendix for details). The honey samples were prepared at a concentration of 
5% of honey. All samples were filtered using 0.45 µm PTFE and cellulose acetate 
membrane filters.  The HPLC method setting was as follows; mobile phase milli-q 
water, the flow rate was 0.8 ml/min, and the injection volume was 10 µl using manual 
injection mode. The samples were stored at -20 ºC and brought to room temperature 
before running the tests. This HPLC system includes a Waters 510 isocratic pump, a 
Rheodyne 6-port valve with a 10 uL sample loop, and a refractive index (RI) detector. 
The RI detector is ideal for samples that do not have UV absorbance. Data acquisition 
and analysis was performed using ChromPerfect TurboChrom software.  
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6.2.8 Determination of minerals, phenolic and volatile compounds 
Extraction of minerals, phenolic and volatile compounds procedures performed using 
the same method as described in chapter 5 sections (5.2.3, 5.2.4 and 5.2.5). 
 
6.2.9 Data Analysis 
All determinations were performed in triplicate and the average value and standard 
deviation were obtained using Microsoft Excel 2010. Prism (Prism-6.03.5-R2) was used 
to determine the statistical significance of experiments using the unpaired Student’s t-
test. Differences were considered to be significant when p < 0.05. Minitab (Minitab 16) 
was used to determine the tukey test between subjects and corelation test.  
6.3 Results and Discussion:  
6.3.1 Honey antibacterial activity 
 Comparison of different methods used for the examination of 6.3.1.1
honey antibacterial activity   
The antibacterial activity of the honeys was tested against three species of bacteria 
using a spectrophotometric micro-broth dilution assay using a 96-well micro-titre plate. 
The most recent studies of the antimicrobial activity of honey were performed using the 
same method (Patton et al., 2006). The spectrophotometric micro-broth dilution method 
using 96-well microliter plates has been shown to be more sensitive than disc and well 
diffusion assays (Patton et al., 2006). The spectrophotometric assay can quickly 
produce a large amount of data more amenable to statistical analysis than manual 
measurement. It displays the growth inhibition for different honey concentrations, 
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rather than giving the end-point MIC results. Furthermore, the results obtained from 
spectrophotometric assays are highly sensitive in identifying the growth rate which 
cannot be seen visually. Moreover, manual measurement has similar drawbacks to the 
agar and disc diffusion methods, and because of the subjectivity of the visual 
determinations they might be unpredictable in certain situations (Piliouras et al., 2002; 
Swenson et al., 1989) .In contrast, the spectrophotometric micro-broth dilution system 
using a 96-well micro-titre plate is not subject to ‘human observation’, is cheap and can 
examine many samples using one plate at the same time.   
One of the difficulties in any of the antimicrobial methods is preparing the inoculum of 
the bacterial suspensions, which significantly affects the MIC results. The differences 
cannot be controlled, even by using an OD measurement of the starting concentration 
rather than adjusting by comparison against the 0.5 Mcfarland standard turbidity test. 
The MIC values may differ by one-fold dilution up/down within the repeatability of the 
experiment on different days, as the antimicrobial activity of honey has been shown to 
be in the “narrow zone of concentration to bacterial load”. Therefore, it is expected that 
with higher bacterial suspensions, higher concentrations of honey are required for 
bactericidal or bacteriostatic activity (Brudzynski et al., 2012b). Other difficulties with 
spectrophotometric assays are the detection and quantification of stimulations, which 
are hard to explain (Patton et al., 2006). However, for honey, the stimulation might be 
due to the availability of extra amounts of sugars from honey and less antibacterial 
agents such as H2O2 at higher concentration, which may stimulate bacterial growth. All 
of these factors cause a slightly significant different (P= 0.003) within the repeatability 
of the results when repeating the experiment on different days Table (6-1). Therefore, in 
this chapter, the MIC value of honey is reported using two different method; the visual 
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MIC manual standard measurement and spectrophotometric assay, and the results are 
compared. 
 
Table 6-1: ANOVA main effect of independent variables: Tests of Between-Subjects 
Effects 
Bacterial growth (%) 
(Dependent Variable) 
Tests of Between-Subjects Effects 
Independent Variable F Sig. 
Honey 322.74 .00 
Concentration 1573.24 .00 
Bacteria 279.19 .00 
Replicate 9.16 .003 
Honey * Concentration 65.48  .00 
Honey * Bacteria 81.70 .00 
Concentration * Bacteria 103.90 .00 
Honey * Concentration * Bacteria 37.39 .00 
a. R Squared = .970 (Adjusted R Squared = 0.95).   
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  Comparing the bioactivity of Tulsi honey to the other honey 6.3.1.2
results: 
The results demonstrate that the micro-organisms differ in their sensitivity to different 
honeys (Figure 6.3). The mean of bacterial growth was the lowest for all bacteria when 
treated with Tulsi capped honey (Mean = 19), and the highest when treated with control 
honey (Mean = 85) (see Table 6-2). Tulsi extract capped honey (TEC) showed the 
highest activity for most of the bacteria strains tested. TEC was more effective with S. 
aureus than all other honeys. The MIC value at concentrations of 3.13% completely 
inhibited the growth of S. aureus (including MRSA) and E. coli and P. aeruginosa at a 
concentration of 12.5%. Tulsi extract un-capped honey (TEU) differed from the capped 
honey by one-fold dilution only. The second most antibacterial active honeys were Sidr 
and Manuka honey with slightly different concentrations. Sidr honey was more active 
to MRSA at MIC of 3.13% while Manuka honey showed a MIC value of 6.25%. 
However, Manuka honey showed the highest activity against E. coli at a concentration 
of 6.26% compared to all other honeys. Lavender honey and Tulsi natural (TN) honey 
had similar MIC activity toward MRSA and E. coli, but slightly different MIC values 
for P. aeruginosa and S. aureus. Multi-floral honey and the control honey had similar 
MIS-V (visual) values at a concentration of 25% however the MIC-S 
(spectrophotometric) values were different as the test detected the growth of bacteria 
that were not detected visually in the control honey (Table 6-3). The MBC results 
showed that, with the exception of the control honey and multi-floral honey all the 
examined honeys had bactericidal activity against the examined bacterial strains. The 
MBC values were equivalent in most concentrations to the MIC values for all bacterial 
species (refer to Table 6-3). Similarly, the MIC and MBC results were equivalent for 
the Ulmo 90 and Manuka honeys tested by (Sherlock et al., 2010).  
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 Figure 6-3: Comparison between the MIC values of honey using the spectrophotometric assay, the error bars shows the standard deviation n=3.
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Table 6-2: Mean of percentage of bacterial growth when treated with various honeys. 
  
Honey types Mean Std. Error 
95% Confidence Interval 
Lower Bound Upper Bound 
Tusli Capped 19.87 1.20 17.51 22.23 
Tulsi Uncapped 47.83 1.22 45.44 50.22 
Tulsi Natural 61.48 1.18 59.15 63.80 
Control 85.01 1.18 82.69 87.33 
Manuka 33.12 1.20 30.84 35.56 
Lavender 47.36 1.22 44.96 49.75 
Sidr 21.63 1.25 19.17 24.01 
Multi-floral 38.61 1.17 36.32 40.90 
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Table 6-3: Comparison between the MIC values of honey reported using the visual MIC manual standard measurement, spectrophotometric 
assay and MBC results. 
 Bacterial Species 
 S. aureus MRSA E. coli P. aeruginosa 
 MIC-V 
 
MIC-S  
 
MBC MIC-V MIC-S MBC MIC-V MIC-S MBC MIC-V MIC-S MBC 
TEC 3.12 3.12 3.12 3.12 3.12 3.12 12.5 12.5 12.5 12.5 12.5 12.5 
TEU 6.25 6.25 6.25 6.25 6.25 12.5 25 25 25 25 25 25 
TN 12.5 12.5 12.5 6.25 6.25 - 25 25 - 25 25 - 
CON 25 - - 25 - - 25 - - 25 - - 
MAN 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 12.5 25 25 25 
LAV 6.25 6.25 6.25 6.25 6.25 6.25 25 25 25 12.5 12.5 25 
Sidr 6.25 6.25 6.25 3.12 3.12 3.12 12.5 25 12.5 12.5 12.5 12.5 
MF 25 25 - 25 25 - 25 25 - 25 25 - 
MIC-V: Minimum inhibitory concentration visual results 
MIC-S: Minimum inhibitory concentration spectrophotometric result 
MBC: Minimal bactericidal concentration 
- = No MBC effect 
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 Comparing the bioactivity of Tulsi honey to the well-known 6.3.1.3
Manuka honey results from other researches in the literature 
Manuka honey is a well-researched uni-floral medicinal honey and is known to have the 
strongest antibacterial activity due to its non-peroxide activity, which is linked mostly 
to the presence of methylglyoxal. However, recently many studies comparing the 
activity of Manuka honey to different uni-floral honeys demonstrate that they have 
similar high potency (Bogdanov 2011). The antibacterial activity of Manuka honey has 
been examined extensively in the literature, most commonly the agar diffusion assay as 
the preferred method for rating the activity of the production batch (Gribbles Analytical 
Laboratories) (Patton et al., 2006). However, for comparison purposes, studies which 
used similarly active Manuka honey and similar methods of study were compared to the 
current results. For example, Sherlock et al., (2010) examined UMF® 25+ Manuka, 
Ulmo 90 honey and a laboratory-synthesised (artificial) honey made using 3 g sucrose, 
15 g maltose, 80 g fructose and 67 g glucose dissolved in deionised water. The Manuka 
honey results were slightly higher in the present study, even with the use of more potent 
25+ Manuka honey. The MIC and MBC results were 12.5% for all bacterial species 
tested, including MRSA, E coli and P. aeruginosa. The MIC and MBC for the artificial 
honey were at a concentration of 50%. Ulmo 90 honey was more potent than Manuka 
honey against all species. Another study (Brudzynski et al., 2012b), used the same 
method (spectrophotometric assay), but the Manuka UMF value was not specified. The 
MIC and MBC results of Manuka honey to MRSA and E.coli were the same as the 
present results, except that the MIC value of MRSA was one-fold different at a 
concentration of 3.13%. The effect of Manuka honey on the growth of P. aeruginosa 
was conducted by Henriques et al., 2011and Roberts et al., 2012, using the same 
method as well, but the UMF value of Manuka honey were different.  Henriques et al., 
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(2011) used medical grade Manuka honey with a non-peroxide antimicrobial activity 
equivalent to 14% phenol, whereas Roberts et al., (2012) used Manuka honey named 
(M 109). The MIC was 9.5% and 12% while the MBC value was 12% and 16% in both 
studies respectively. Over all by testing the Manuka honey as a positive control and by 
comparing the results to the literature Tulsi honey showed antibacterial activity similar 
to and slightly higher than Manuka honey toward the examined bacterial species.  
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6.3.2 Honey antioxidant activity 
For initial investigations of whether honey at the concentrations examined (50%, 25% 
and 12.5%) influence the viability of the HepG2 cells and to select the optimum 
concentration of honey suitable for the assay. The cell viability has been examined 
using the cell variability Presto-blue assay. A higher concentration of honey 
significantly decreases the viability of the cell line after 24 h, possibly due to the anti-
proliferative effect of honey on cancer cells, as a human carcinoma cell line was used. 
Similarly, Samarghandian et al., (2011) investigated the anti-proliferative activity and 
antitumor activity of high concentration (5%, 10%, and 20%) honey solutions in human 
renal cancer cell lines (ACHN), although there was no significant effect at a lower 
concentration of 2.5%. A high concentration of honey is needed in order to examine the 
antioxidant activity of phenolics as they are present in honey in minor quantities. 
Therefore, the effect of honey on the cell after 1 h incubation was investigated, as in the 
antioxidant CAA assay the cell is treated with honey for only 1h. The cell viability 
decreased by less than 20% meaning that 80% of the cells were viable when the cells 
were treated with a concentration of 25 % honey therefore we select the concentration 
of 25% honey for the antioxidant assay (Figure 6-4).  
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Figure 6-4: Cell viability results of different types of honey, the error bars show the 
standard error of two experiments performed in different days each experiment included 
3 replicates. 
 
Overall, the antioxidant activity CAA values were not significant (Tukey P > 0.05) 
between all honey types (Figure 6-5). Manuka honey had the highest CAA value of 58 
followed by Sidr honey 47. Tulsi extract honey and Tulsi natural honey had close 
values of 39 and 34 respectively. Interestingly, honey produced from the control hive 
presented slightly higher antioxidant activity than Lavender and Multi-floral honeys, 
with a value of 37, 33 and 35 respectively. The antioxidant activity in the control honey 
was possibly due to contamination of honeycomb from the existing honey prior to the 
commencement of the experiment.  
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Figure 6-5: Comparison of the CAA values of different types of honey, the error bars 
shows the standard deviation n=3.  
 
The antioxidant activity of honey was examined by many studies in the past few 
decades. Honey was demonstrated to have an antioxidant capacity comparable to 
various fruits and vegetables (Gheldof et al., 2002). Our results show that the 
antioxidant activity of examined honey was shown to have antioxidant capacity 
comparable to some fruits and vegetables examined by Liu and colleagues using the 
CAA assay (Song et al., 2010; Wolfe et al., 2008; Wolfe et al., 2007). However with 
lower activity which may be explained by the lower concentration of antioxidant 
compounds in honey compared to fruits and vegetables. For example, Manuka honey 
possessed antioxidant activity similar to spinach (10.0 μmol QE/100g of dry weight) 
and the Sidr honey was a similar to carrot, with a concentration of 9.77 μmol QE/100g 
of dry weight. Both Tulsi honeys possessed the same antioxidant activity values as 
cherry and pear (Figure 6-6).  
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   4                         6                9                  10                 30              74               154                    163   
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Figure 6-6: Comparison of honey antioxidant activity to some other antioxidants such 
as Fruit & vegetable from the literature. 
 
Using CAA assays to analyse the antioxidant activity of honey made the results difficult 
to compare with the results for different honey that used different chemical-based 
antioxidant assays such as ORAC. To the best of my knowledge, all other honey 
antioxidant results examined the overall reaction between the free radical species and 
the antioxidant compounds, whereas the current cellular method demonstrated only the 
antioxidant compounds taken by the cells. Moreover, unlike the chemical methods the 
cellular assay conceder the physiological condition in a cellular environment (Cecilia et 
al., 2014). By using the antioxidant chemical methods, numerous uni-floral honeys 
have been shown to exhibit good antioxidant and antiradical activities in the literature, 
including some Saudi Arabian, Peruvian, Australian, Malaysian tualang, American 
buckwheat, Croatian oak honeydew, Spanish, Portugal, Cuban, Venezuelan and 
Ecuadorian honeys. The major antioxidants in honey have been defined in an extensive 
review by (Bogdanov 2011) to be phenolics and the Maillard products called 
melanoidins. Moreover, phenolics, including flavonoids and phenolic acids, have been 
generally described in honey as having potent antioxidant activity, such as caffeic acid, 
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coumaric acid, kaempferol and ascorbic acid and others (Beretta et al., 2005). Some of 
these are present in all types of honey but at different concentrations, such as gallic 
acid, ellagic acid, benzoic acid, syringic acid, coumaric acid, ferulic acids, cinnamic 
acid, myricetin, chlorogenic acid, isoramnetin, kaempferol, chrysin, galangin, luteolin 
and quercetin. Some other bioactive compounds are present only in some uni-floral 
honeys, for example naringenin and hesperetin (Erejuwa et al., 2012).  
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6.3.3 Factors contributing to the antibacterial and antioxidant activity of 
honey 
 Physical properties: Honeys moisture analysis 6.3.3.1
(Bogdanov et al., 2002) indicated that, although the determination of moisture by 
refractometry does not produce the true water content, as it is a reproducible, simple 
and effective method, there is no need for alternative methods. The moisture content of 
different honeys concentration was determined, as revealed in Figure 6.7. According to 
the Honey Quality and International Regulatory Standards, the moisture percentage in 
floral honey should not exceed 19-20% (Bogdanov et al., 2002; Bogdanov et al., 1999), 
and most of the honey moisture contents were within the range, with the exception of 
the control and Tulsi nectar honey. The Tulsi nectar honey was un-capped accounting 
for its high water content compared to other honeys. Although the control honey was 
fully capped, it also had high water content. TEC was fully capped honey and its 
moisture content was 18%, while that of the TEU was 20%. The difference between the 
moisture content of Tulsi extract capped and uncapped was significantly different (P < 
0.05). Subsequently, the antibacterial activity of capped and uncapped honey also 
differed by one-fold dilution. To correlate that with the antibacterial results, all 
uncapped honeys had a lower antibacterial activity in comparison to capped honey. 
However, by using the Pearson correlation test of the antibacterial results and the 
moisture content it shows no correlation between them (- 0.12 and P = 0.78).  
From the quality point of view, honeys with high moisture content can be fermented by 
microorganisms compared to fully mature capped honey with moisture limits of 20-
19%, to warrant a good shelf-life. The climate and harvesting conditions have an effect 
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on the honey moisture content. For instance, in countries with a moderate climate the 
honey moisture content is usually below 18% (Bogdanov et al., 2002). High water 
content leads to honey fermentation upon storage and increases the chance of spoilage 
by yeast fermentation (Bogdanov et al., 2002). The comparison between the activities 
of capped versus uncapped honey reveals for the first time the effect of the capping 
processes on the antibacterial activity. Moreover, the comparison between Tulsi extract 
capped and uncapped honey might be a useful tool to explain the effect of the capping 
process on both the quality and bioactivity of honey. However, further investigation is 
required which highlight an important topic for future researches especially with the 
lack of research in the same area. 
 
 
 
Figure 6-7: Comparison between the moisture content (%) of different types of honey 
tested, the error bars shows the standard deviation. 
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 Physical properties: Honeys pH analysis 6.3.3.2
Two methods have been suggested: titration of the acidity and automatic titrators. Both 
have the major disadvantage that because of lactone hydrolysis the endpoint of the 
titration is not well defined. This leads to very poor reproducibility and unsatisfactory 
results (Bogdanov et al., 2002). Therefore, the pH was obtained using pH Universal 
indicator strips (see Figure 6-8). Most honeys have acidic pH values ranging from 3.3 to 
5.5 (Doner 2003). Similary, most of the honeys examined in this project have pH in the 
range between 4-5, with the exception of Sidr honey with a pH between 7 and 8. 
However, antibacterial test showed that Sidr honey had the second highest antibacterial 
activity after TEC honey, indicating that the acidity may not be correlated to honey 
activity but further investigation is needed. Similarly, Bogdanov (1997) determined that 
antibacterial activity did not correlate with honey’s pH.  
 
Figure 6-8: pH results of different honeys using pH Universal indicator strips 
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 Physical properties: Honeys Sugar analysis 6.3.3.3
Honey contains very low amounts of sucrose, which should be less than 2 % compared 
to fructose and glucose which are present in very high amounts of approximately 38% 
and 31% respectively (Gheldof et al., 2002). Fructose and glucose concentrations in 
addition to their ratio are valuable indicators of uni-floral honey’s classification (Oddo 
et al., 2004; Oddo et al., 1995). In addition, the authenticity of honey can be assessed by 
its sugar ratios between the main components, glucose and fructose and sucrose. 
According to the European Union Council Directive 2001/110/EC (December 2001) 
(Arvanitoyannis et al., 2005), in general for floral honey when placed on the market, the 
fructose and glucose (sum of both) should be within 60 g/100 g and 5 g/100 g for 
sucrose. However, there are exceptions. For example, in leatherwood, Menzies Banksia, 
red gum and French honeysuckle honeys the sucrose content should not exceed 10 
g/100 g and 15 g/100 g for lavender honey. 
The main sugar contents in the honeys were analysed using HPLC, although the 
separation of fructose and glucose could not be achieved using this instrument. It was 
able to distinguish between the monosaccharides (fructose and glucose) and the 
disaccharides (sucrose). Figure 6-9 a illustrates the sum of both fructose and glucose per 
100g of honey. Over all, the sums of the fructose and glucose of all honeys were below 
55g/100g of honey. Tulsi nectar had the lowest concentration with similar results to 
Tulsi extract un-capped, both being below 40g/100g. On the other hand, the control 
honey had similar concentrations to lavender and sidr honey. However, they had lower 
values than Tulsi extract capped, Manuka and Muli-floral honey.  
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In the alternative honey production the bees were fed on sugar syrup with higher 
amounts of sucrose than glucose and fructose with a ratio of 94 to 6% of the total added 
sugar. The sucrose concentration results were quite interesting, as high amounts of 
sucrose were detected only in Tulsi uncapped honey, control and Sidr honey (Figure 6-9 
b). For un-capped honey, the ratio of fructose and glucose and sucrose was 
approximately 35-4g/100g compared to Tulsi capped honey with only high 
concentrations of fructose and glucose 50g/100g. During honey production bee 
enzymes digest the sucrose into fructose and glucose (as discussed in detail in Chapter 
1). These results indicate that during honey ripening the digestion process by the 
enzymes plays a very important role, not only by concentrating the water in the nectar 
but also by digesting the nectar content even after storing it in the honeycomp. 
Therefore, the capping process affects by two factors: the moisture content and the 
sugar ratio.  
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a. 
 
 b. 
 
Figure 6-9:  Comparison of sugar ratios of different types of honey (a) fructose and 
glucose, (b) sucrose per 100 g of honey, the error bars shows the standard deviation. 
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 Chemical properties: H2O2 6.3.3.4
Hydrogen peroxide has been defined as the major contributor to honey’s bioactivity. 
Recently, H2O2 has been described in the honey literature as an oxidant compound that 
plays a major role in DNA damage, especially for bacterial DNA (Brudzynski et al., 
2012b). A part of the present study was to determine the role of H2O2 in the antioxidant 
activity of honey. In order to investigate that human liver cell were used for the 
analysis. Moreover, to find out the amount of hydrogen peroxide present in honey after 
the chemical interactions in the cell culture, the cell culture supernatant from the presto-
blue test was used. The amount of H2O2 at concentrations of honey of 50%, 25%, 12% 
and 6% were measured. 
As expected, the amount of H2O2 decreased from lower honey 6% concentration to a 
higher concentration 50% (see Figure 6-10). This finding supports the theory that there 
is no H2O2 in undiluted honey as once honey is diluted, glucose oxidase produces H2O2 
from glucose and the H2O2 level is increased by honey dilution.  In all examined 
honeys, the lowest H2O2 concentration was found at a concentration of 50% with 
percentages from 1.6 µM to 3.2 µM. Then it increased by dilution from 25% to 6% 
constantly over 1h. There was only a significant difference between the examined 
honeys at 25% (P value < 0.05) (see Table 6-4). The significant difference is between 
the highest concentration of 19.3 µM in MAN honey, followed by 17.5 µM in TEC, 
15.7 µM CON and 13.6 µM TN honey. This might explain the highest antioxidant 
activity of Manuka honey in comparison to all other honeys with similar antioxidant 
activity, although with no significant difference (P > 0.05). For all tested honeys the 
highest H2O2 concentration was found at 6% honey at concentrations ranging from 25.7 
µM to 23.9 µM.  Interestingly, comparing the results with the presto blue results for cell 
 [164] 
 
viability (Figure 6-4), at higher honey concentrations (lower H2O2) the cell viability 
decreases by more than 40%, whereas at lower concentrations (higher H2O2) the cell 
viability is enhanced by honey. A concentration of 20-50 µM was found have limited 
cytotoxicity to various cell types and number of recent studies established that it could 
be used as a signalling molecule (Abe et al., 1999; Dalton et al., 1999; Griendling et al., 
1999; Wang et al., 1998; Sen et al., 1996; Schreck et al., 1991).  
 
 Figure 6-10: Comparison between the hydrogen peroxide concentration µM/L of 
different honey types: Tulsi extract capped, Tulsi nectar, Manuka and control honey at 
different concentrations of 50, 25, 12, and 6 %, the error bars shows the standard 
deviation. 
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Table 6-4: Multiple t tests of H2O2 using Prism (Prism-6.03.5-R2) comparing the 
significance of different honeys’ H2O2 at different concentration percentages. 
Honey 
concentration 
% P value Mean1 Mean2 Difference 
SE of 
difference t ratio df 
50 0.266215 1.613 1.518 0.095 0.0735776 1.29115 4 
25 0.018133 17.529 13.579 3.95 1.02307 3.86094 4 
12 0.055326 21.542 23.756 -2.214 0.82664 2.67831 4 
6 0.145207 25.394 23.932 1.462 0.809487 1.80608 4 
 
Reactive oxygen species (ROSs) such as hydrogen peroxide, hydroxyl radicals and 
superoxide anions, are formed continuously in the human body through natural 
metabolic processes. They play essential roles in energy supply, chemical signalling, 
and detoxification, and may act as modulators of immune function (Pham-Huy et al., 
2008). However, ROSs can also cause damage, and their levels within cells are 
therefore strictly regulated by enzymes such as endogenous superoxide dismutase, 
catalase and glutathione peroxidase, and non-enzymatic antioxidants, including 
vitamins C and E and polyphenolic/flavonoid compounds (Pham-Huy et al., 2008). The 
accumulation of free radicals in the body by either over-production or exposure to 
external oxidant substances to a level that cannot be dealt with by the body’s natural 
systems can lead to oxidative stress (Valko et al., 2006).   
The presence of H2O2 can be found in many drinks at a concentration above 100 µM, 
such as coffee, green and black tea (Halliwell et al., 2000). It has been proposed as an 
alternative decontaminating agent for fruit and vegetables, since it has low toxicity and 
effectively wards off a wide range of microorganisms. Moreover, there is no long 
residual activity from H2O2, as it rapidly degrades upon contacting to organic material 
into oxygen and water, which are non-toxic products (Raffellini et al., 2011). Therefore, 
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it is classified as generally regarded as safe (GRAS) for use as a decontaminating agent 
in food products (Sapers et al 1998, cited in Raffellini et al., 2011).  
Overall, Halliwell et al. (2000) concluded that H2O2 could play a major role as an 
antimicrobial agent, as well as in the re-regulation of renal function in the human body. 
Its concentration in the body is controlled by excretion and catabolism, but under 
defined circumstances it can be used as a valued biomarker of ‘oxidative stress’. 
However, H2O2 danger comes from the reactive formation with other more reactive 
oxidant species (Raffellini et al., 2011; Halliwell et al., 2000). Concentration of high 
levels of H2O2 of more than 50 µM have been demonstrated to be cytotoxic to plants, 
animals, bacteria and cells in cell cultures (Halliwell et al., 2000). 
The same caution applies to honey, which contains oxidants (H2O2) and antioxidants 
such as volatile, phenolic and mineral compounds. An antioxidant is defined by 
Halliwell (2000), as “any substance that delays, prevents or removes oxidative damage 
to a target molecule”. The antioxidant defence system in honey contains enzymatic 
antioxidants produced from bees, such as superoxide dismutase, catalase and ascorbate 
peroxidase that serves in H2O2 detoxification (Korayem et al., 2012). Antioxidants react 
with reactive hydroxyl radicals (OH
-
) to prevent the reaction of other reactive oxidant 
species. The interaction of these compounds gives the honey its unique antibacterial and 
antioxidant activity. Brudzynski’s research group suggests that there are possibly other 
factors enhancing the bacterial DNA degradation by H2O2, which are likely to be the 
connection chemistry between phenolic compounds and H2O2 in honey (Brudzynski et 
al., 2012a). They demonstrated the ability of phenolic extracted from honey to degrade 
plasmid DNA in the presence of Cu (II) and H2O2 (Fenton-type reaction), and this 
reaction mechanism may be responsible for DNA degradation by honey. H2O2 
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contributes highly to Fenton chemistry, not only as one of the constituents, but also by 
providing the other substance through chemical reactions (Halliwell et al., 2000). 
Therefore, the conclusion is that honey is characterized by a complex combination of 
more than 100 compounds and the chemical interactions of these compounds lead to the 
antibacterial and antioxidant activity in honey. Thus, the following sections discuss the 
other chemical factors, such as the volatile, phenolic and mineral compounds.  
 Chemical properties: Mineral compounds 6.3.3.5
First, the concentration of nine mineral compounds in different honeys was analysed 
(Al, B, Ca, Cu, K, Mg, Mn, Na, Zn and Fe). The main mineral found in all the honeys 
was potassium, and it was present in similar concentrations in most honeys, with the 
exception of Sidr honey with a very high concentration of 2147 mg/kg and control 
honey with a low concentration of 80 mg/kg (see Figure 6-11). The high concentration 
of K in Sidr honey might be explained by its geographical origin, as it is produced in 
dry areas which increases the evaporation of water source around the hive and might by 
from the water the bee collect (Saudi Arabia). Most honey contains some zinc. The Zn 
level in all tested honey used in this study was within the standard range of between 4-
4.5 µg/g. Generally, the maximum acceptable level of honey falls into 30 µg/g (Pohl, 
2009). Control honey had the lowest quantity of all mineral contents, even comparing 
with Tulsi extract honeys produced on the same farm. The low amount of minerals and 
the ratio of sugar content are likely to be because it was produced from sugar syrup. 
This means it was likely the bees were not interested in fully processing the honey and 
only stored it as an emergency food source. Interestingly, again the differences between 
capped and un-capped honey are very clear, with TEU having lower mineral contents 
than TEC.    
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 Figure 6-11: Comparison between potassium concentrations (mg/kg) of different types 
of honey, the error bars shows the standard deviation. 
 
The main minerals in honey are oxides of potassium, sodium, calcium and phosphorus 
(Madejczyk and Baralkiewicz 2008) and many other trace elements. The mineral 
contents vary significantly in different honey types (see Figure 6-12). Therefore, 
mineral levels have been recently used as discernment factors for uni-floral honeys and 
as geographical markers. Therefore, PCA analysis is performed in the previous chapter 
for better interpretation of the results. The interaction between minerals and other 
chemicals is discussed briefly in this chapter however further research is required to 
investigate the chemical interactions between minerals and other elements in honeys.   
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 Figure 6-12: Comparison between Na, Mg and Ca, AL, Mn, Fe, Cu and Zn 
concentrations (mg/kg) in different types of honeys, the error bars shows the standard 
deviation. 
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 Chemical properties: Phenolic acids and flavonoid 6.3.3.6
compounds  
Table 6-5 presents a comparison of the presence of o-coumaric acid, caffieic acid, 
vanillic acid, ferulic acid and cinnamic acid in most tested honeys. Indeed, since these 
compounds were present in the control honey (produced by bees fed on sugar syrup), 
they likely originated from bees’ gut or honey comp. In contrast, some compounds 
found only in some honeys might serve as a floral marker. For example, in Manuka 
honey only two compounds were identified: caffieic acid and cinnamic acid. Sidr honey 
and Lavender honey had similar compounds in exemption of cinnamic acid which 
presents only in Lavender honey. Again, similar to all previous results of TEC and TEU 
honeys, most of the phenolic compounds were present in higher amounts in capped 
honey (refer to Figure 6.13).  
 
Table 6-5: UPLC-UV profile comparing the phenolic acid and flavonoid concentrations 
in different honeys (mg/g) 
Honey /  
Polyphenol Chlorogenic 
acid 
Vanillic 
acid 
Caffeic 
acid 
Syringic 
acid 
O-
Coumaric 
acid 
Ferulic 
acid 
Cinnamic 
acid 
Hesperetin 
mg/ml 
TEC 0.024 0.04 0.021 0.008 0.055 0.036 0.015 0 
TEU 0.024 0.023 0.014 0.008 0.026 0.015 0.011 0 
TN 0 0 0 0 0.168 0.063 0.016 0.059 
CON 0 0.021 0.011 0.007 0.018 0.016 0.011 0 
MAN 0 0 0.014 0 0 0 0.05 0 
LAV 0 0.045 0.023 0 0.069 0.041 0.041 0 
Sidr 0 0.03 0.033 0 0.057 0.041 0 0 
MF 0.045 0 0 0 0.01 0.035 0.01 0 
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 Figure 6-13: UPLC-UV profile comparing phenolic acid and flavonoid concentrations 
(mg/g) of TEC and TEU honey, the error bars shows the standard deviation. 
 
A comparison of the polyphenol compounds present in Tulsi honey produced using 
both methods and with the polyphenol compounds present in Tulsi plants was carried 
out to find out the mode of transformation. In addition, a comparison was made of the 
polyphenol compounds in Tulsi nectar and Tulsi extract honey produced from the same 
floral origin but using different methods (refer to Figure 6-14). It can be seen that O-
coumaric acid occurs in both honeys but at different concentrations: TN (0.16 mg/ml) 
and TEC (0.06 mg/ml). Cinnamic acid is present in both honeys at the same 
concentration of 0.02 mg/ml and Ferulic acid is also present in both at slightly different 
concentrations of 0.036 and 0.063 mg/ml.  In contrast, hespertin is found only in TN 
honey, and the only compound not present in TEC honey might be a good floral marker 
to distinguish between both methods. Hespertin is present in Tulsi leaf extracts at a 
concentration of 0.2 mg/ml, which is relatively higher than in TN honey (see Figure 6-
14). Likewise, all other compounds have higher concentrations than in honey, 
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demonstrating its significantly high antioxidant activity (refer to Chapter 4). Only four 
compounds are present in both the leaf extract and the honey made from it. Although, 
Rutin is present in Tulsi leaf extract with a significantly high concentration, it was not 
identified in either honey (6.15). This finding demonstrates that a possible chemical 
reaction occurs during honey production, but further research is important to determine 
the exact mode of transformation.  In summary, the results of the antioxidant activity of 
honey demonstrate that, although the phenolic compounds contribute greatly to this 
activity, they are not exclusively responsible for it. The total antioxidant capacity of 
honey is probably due to the combination and interaction of many compounds, as each 
one alone is present at too low level to have a major antioxidant capacity.  
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 Figure 6-14: UPLC-UV profile showing the phenolic acid and flavonoid concentrations 
(mg/g) of Tulsi nectar honey, the error bars shows the standard deviation 
 
 Figure 6-15: UPLC-UV profile showing the phenolic acid and flavonoid concentrations 
(mg/g) of Tulsi acetone extract the error bars shows the standard deviation  
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 Chemical properties: Volatile compounds in honey 6.3.3.7
The volatile bioactive compounds present have a highly specific profile in uni-floral 
honey and are likely to be a good representation of the fingerprint of uni-floral honey. 
Every uni-floral honey has different volatile compound components than others, 
ranging from 9 to 83 volatile compounds with only a few common volatile compounds 
(refer to Appendix 5), and this makes the results hard to interpret. Therefore, a total of 
50 volatile compounds present in two different honeys and the most common 
compounds of each honey were nominated and their volatile compound (VC) profiles 
compared (see Table 6-6). Qualitative identification was performed using GC–MS 
reference libraries (Adams 2007, Wiley 7th edition, and NIST 2.0) using an 80% 
similarity match cut-off value. Concentrations of the studied compounds were 
calculated from the peak areas in the total ion chromatograms. The relative abundance 
of each compound was obtained from electronic integration measurements using the 
mean of three replicates. The concentration calculation was performed according to the 
equation below (Shimadzu 2006):  
Ci = Ai/At ×100% 
Where Ci = Content of a compound in the sample 
            Ai = Area of compound peak in the chromatogram 
            Ai = total area of compound peaks in the chromatogram 
 
Many of the major VCs were present in at least in two of the honey samples, although 
in different concentrations. Consequently, particular floral markers could not be 
identified, but quantitative variations were detected between the honeys’ volatile 
compound profiles, similar to the findings of Baroni et al., (2006). Although there are 
some differences observed in the trace VC concentrations, trace elements are likely to 
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be good indicators of the geographical and botanical origins of uni-floral honeys. 
Indeed, the quantitative variations in the abundant compounds of each honey are highly 
likely to explain the variation of honey’s activities observed in previous chapters.  
 
As the contribution of these compounds to honey bioactivity depends on their 
concentrations, the higher the percentage, the higher the activities. For example, 
Manuka honey is characterized by having large quantities of acetanisole (24.05%), 
methyl syringate (11.18%) furan carbox aldehyde (3.36%) and benzoic acid (2.37%). 
Likewise, Lavender honey has acetanisole (15.51%), methyl syringate (7.58%) 
furancarboxaldehyde (4.22%) and benzoic acid (1.08%). Correspondingly, Manuka 
honey has higher antibacterial activity in comparison to Lavender honey. Although 
there are some differences in the trace VCs in both honeys, the differences among them 
may be explained using PCA analysis.  
 
The control honey and Sidr honey have few volatile compounds. The control honey was 
produced from sugar syrup and the volatile compounds may be a contaminant from the 
honeycomb or from the bees as the bees used old bees from the same farm and the 
honeycomb as well. The Sidr honey was produced in Saudi Arabia which is 
characterised by a hot climate, which may lead to the evaporation of the volatile 
compounds in the floral origin and the honey produced from it.   
 
Multi-floral honey is made from different floral sources, as is very clear from the VC 
profile, as it contains a mix of all volatile compounds but at low concentrations. The 
exceptions are isophorone and isophorone 4 keto which are distinctive compounds with 
concentrations of 59.98% and 9.14% respectively. Interestingly, isophorone is also 
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present in TEC, TEU and CON and TN honeys at high concentrations, and these honeys 
were produced on the same farm with the exception of except TN. Isophorone is also 
present in TN honey produced from the same floral origin Tulsi plant. Furthermore, 
octane is also present in all of them; whereas pinene, bisabolene and eugenol are 
present only in Tulsi honey produced using the alternative method. In contrast, 
anisaldehyde is the distinctive compound in TN honey as it is present at a very high 
concentration (76.4%) but it is present at a very low concentration in Tulsi extract 
honey (3.1%). Moreover, eight other volatile compounds are present in Tulsi honeys 
(refer to Figure 6.16). Again, there are quantitative differences between capped and 
uncapped honeys, indicating the importance of the honey capping process and its effect 
on the quality and bioactivity of honey.  
 
 
 Figure 6-16: HS-SPME/ GC-MS profile comparing the major volatile compounds 
percentages in Tulsi Extract honey and Tulsi Nectar honey.  
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Furthermore, the volatile compounds present in Tulsi honey produced using both 
methods were compared with each other, and with the volatile compounds present in 
Tulsi plant material including flower heads, flower nectar, leaves and essential oil to 
determine the mode of transformation. The volatile compounds mode of transformation 
from the plant into honey is also addressed in this section by comparing their presence 
in the plant parts (floral origin) and in the honey produced from them. As mentioned 
above, similar compounds are found in the honeys made using the alternative and 
conventional methods. In addition, the presence of these volatile compounds in the 
extracts from Tulsi plants indicates the floral origin of these compounds. Additionally, 
aroma compounds such as octan, linalool, linalooloxide, furfural, octanal, hortinal and 
benzene acetaldehyde, benzene acetaldehyde, benzoic acid isolated from all honey in 
this report and in previous honey research (Cuevas-Glory et al., 2007; Vázquez et al., 
2006; Soria et al., 2003). Benzene derivatives have been widely reported in uni-floral 
honey and described as a honey-like aroma (Vázquez et al., 2006). Camphor and 
eucalyptol were the most predominant terpene compounds isolated from uni-floral 
Eucalyptus honey by GC-MS (Vázquez et al., 2006).  
In the alternative honey production method, the bees were fed on sugar syrup mixed 
with a certain amount of essential oil extracted from Tulsi. Figure 6.17 compares the 
volatile compound profiles of all plant parts and the honey, representing the possible 
mode of transformation of these volatile compounds by bees into honey. Most of the 
major volatile compounds are provided to bees in the mixture transferred by bees into 
honey. Moreover, these results may explain the significant bioactivity of Tulsi extract 
honey by having similar abundance of compounds (camphor, eucalyptol and eugenol) 
as the Tulsi essential oil examined and discussed in Chapter 3. On the other hand, in 
Tulsi nectar honey camphor was not isolated even at trace level, whereas anisaldehyde 
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was present at a high concentration in the honey but not in the plant. Future analysis is 
required to examine the mode of transformation of these two compounds from nectar 
into honey.  
 
 
 
 
 Figure 6-17: HS-SPME/ GC-MS profile comparing the major volatile compound 
percentages in different materials of Tulsi. 
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Table 6-6: Volatile compound concentrations (%) in different types of honey identified using HS-SPME / GC-MS. 
NO. Honey / Volatile compounds TEC TEU TN CON MAN LAV Sidr MF 
1 benzaldehyde 0.5 0 2.45 0 0.26 0.40 0 0.37 
2 benzene acetaldehyde 0.24 0 0.23 0 0.19 2.25 0 0.23 
3 acetophenone 0 0 0 0 0.65 0.09 0 0 
4 linalooloxide 1.38 0.82 0.22 4.49 0.44 0 0 0.57 
5 linalool 1.37 1.09 0.64 4.91 0.07 0.42 0.02 2.14 
6 hotrienol 5.97 0 0 7.88 0.27 0.28 0 5.35 
7 nonanal 0 0 3 0 0.40 0.42 1.4 1.40 
8 benzofuran 0 0 0 0 0.10 0.24 0 0 
9 di hydrodi hydroxyl methyl pyranone 0 0 0 0 0.75 1.03 0 0 
10 furan carbox aldehyde 0 0 0 0 3.36 4.22 0 0 
11 nonanoic acid 0 0 0.73 0 0.46 0.38 0 0 
12 acetanisole 0 0 0.18 0 24.05 15.51 0 0.13 
13 benzoicacid 0 0 0.07 0 2.37 1.08 0 0 
14 anisaldehyde 3.10 0.48 76.4 0 0.10 1.52 0 0 
15 furfural 0.48 0 0.04 0 1.32 2.33 0 1.12 
16 benzyl alcohol 0 0 0.17 0 0 0.14 0 0 
17 phenyl ethyl alcohol 0.25 0 0.15 0 0 0.44 0 0 
18 cymenene 0.29 1.49 0.03 0 0 0.12 0 0 
19 acetic acid 0.40 0 0.14 4.68 0 0 0 0.45 
20 buten1ol 0.08 0 0 0 0 0 0 0.02 
21 3-methyl-2-buten-1-ol 0.07 0 0 0 0 0 0 0.20 
22 octane 2.05 1.18 0.33 7.32 0 0 0.19 2.55 
23 acetyl valeryl 0 0.24 0.02 0 0 0 0 1.70 
24 octanal 0 0 0.26 0 0 0 0 0.13 
25 hexanedione dihydroxy dimethyl 0.16 0 0 0 0 0 0 0.05 
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NO. Honey / Volatile compounds TEC TEU TN CON MAN LAV Sidr MF 
26 4 keto Isophorone 0 0 0.87 0 1.03 0 0 9.14 
27 decanal 0 0 0.37 0 0 0 0 0.13 
28 phenyl hydroxyl butanone  0 0 0.41 0 0 0 0 0.21 
29 propanoic acid 0.19 0 0 0 0 0 0.08 0.16 
30 pinene 1.13 0.97 0.06 0 0 0 0 0 
31 bisabolene 2.41 2.11 0.03 0 0 0 0 0 
32 eugenol 6.36 6.63 0.15 0 0 0 0 0 
33 isophorone 11.85 3.53 1.68 6.73 0 0 0 59.98 
34 butanedione 0 0 0.41 4.70 0 0 0 0 
35 propanoic acid  0 0.48 0 0 0 0 0 0.09 
36 dodecane 0 0 0 0 0 0 0 0.04 
37 terpineol 0 0 0.49 0 0 0 0 0 
38 limonene 0 1.66 0 0 0 0 0 0 
39 camphor 17.03 30.54 0 0 0 0 0 0 
40 eucalyptol  6.64 16.64 0 0 0 0 0 0 
41 terpinenol 0.84 1.24 0 0 0 0 0 0 
42 terpinolene 0.25 4.25 0 0 0 0 0 0 
43 copaene 0.34 0.54 0 0 0 0 0 0 
44 caryophyllene 2.58 0 0 0 0 0 0 0 
45 safranal 0 0 0 0 0 0 0 0.08 
46 nonanol 0 0 0 0 0 0 0 0.20 
47 myrcene 0.55 0.62 0 0 0 0 0 0 
48 nonadecane 0 0 0.05 0 0 0 0 0 
49 tetradecane 0 0 0.07 0 0 0 0 0 
50 methyl syringate 0 0 0.16 0 11.18 7.58 0 0 
Results are the average of three replicat
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6.4 Conclusion:  
The main factors contributing to the antibacterial activity of honey are high osmotic pressure 
and low water activity, a low pH ranging from 3.4–5.5, variable levels of glucose oxidase and 
catalase, the honey’s viscosity, high levels of antioxidants and bioactive volatile compounds. 
In addition, Reactive Oxygen Species (ROS) are generated in the body as part of the normal 
metabolism process when we eat or breathe. These reactive species are also generated in the 
body from exposure to cigarette smoke, pollutants, chemicals and other environmental toxins. 
Although biological antioxidants, such as Vitamin E, are able to dispose of a large number 
ROS, they are not completely effective in this regard. An important source of potent 
antioxidant compounds that can help to mop up ROS in the body come from the food we eat. 
Antioxidants like, resveratrol, gallic acid and quercetin are naturally found in plant extract, 
essential oil, fruits and vegetables in varying amounts. To the best of my knowledge, this is 
the first report of honey research on the determination of the role of H2O2 in the antioxidant 
activity of honey using human liver cells. Although the moisture content is achieved during 
the bees’ natural capping process, some beekeepers extract honey before it is fully capped to 
speed up production and increase the amount of honey produced. During the alternative 
honey production protocol the bees were fed on sugar syrup with higher amount of sucrose 
than glucose and fructose with a ratio of 94% to 6% of the total added sugar. A comparison 
of the results of the sugar ratios between capped and un-capped honey indicated for the first 
time that during honey ripening the digestion process by bees plays a very important role, not 
only by concentrating the water in the nectar but also by digesting the nectar content even 
after storing it in the honeycomp by mixed enzymes.  
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Chapter 7  
General conclusions, summary of key findings and 
future directions 
A review of the current state of knowledge regarding the production of medicinal honey from 
medicinal plants has been examined in Chapter 1. One of the gaps identified in the review 
was that currently there are only two medicinal honeys that have been approved for clinical 
application, i.e. Medical-Grade honey Manuka and Revamil honeys. Therefore, the main aim 
of PhD project was to firstly produce bioactive honey from medicinal plants and to examine 
whether this novel honey has bioactivity comparable to other well-known medicinal honeys. 
The first objective was to nominate the medicinal plant species for honey the bioactive honey 
production for the course of this study from three previously identified species, Agastache 
rugosa, Leonurus sibiricus and Ocimum tenuiflorum (Tulsi). Based on three criteria these led 
to Tulsi being chosen for the production of bioactive honey (Chapter 2). Subsequently, 
Chapters 3 and 4 described a detailed study of Tulsi to identify and investigate the compounds 
responsible for its antibacterial and antioxidant activities and examine them for both 
antimicrobial and antioxidant activity. The main findings from this assessment were that 
Tulsi essential oil at concentrations of 4.5% and 2.25% completely inhibited the growth of S. 
aureus, including MRSA and E. coli, while the same concentrations only partly inhibited the 
growth of P. aeruginosa. A review of the literature suggested that the main components 
responsible for the antimicrobial activity of Tulsi oil were likely to be camphor, eucalyptol 
and eugenol, β- caryophyllene which may also have contributed to the antimicrobial activity 
of the oil but were present in smaller amounts (Chapter 3). Moreover, Tulsi extracts possess 
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potent antioxidant properties. The total antioxidant activity is probably due to the high 
amount of phenolic compounds which could be used as a rich source of natural antioxidant 
(Chapter 4).  
The production of bioactive honey from Tulsi using both conventional and alternative honey 
production methods under highly controlled conditions were discussed in Chapter 5. The 
natural food for adult bees is nectar and pollen or honey. For optimum nutrition, honey bees 
require carbohydrate, proteins, amino acids, lipids, minerals, vitamins and water. In addition, 
with the increasing demand for honey in the market, the pollen and nectar substitute 
developed by this project provides a complex mixture to provide all the requirements to 
enhance multiple generations of bees which may help to overcome the serious issue of the 
dramatic decrease in numbers of bees worldwide. Additionally, the formula used to make the 
novel bioactive honey from medicinal plant extract under highly controlled conditions 
guarantees that the same honey can be reproduced consistently. Alternative production is 
seasonal independence on a flowering cycle as seasonal dependence would affect the 
production rate of honey throughout the year. The production of bioactive honey using the 
conventional method under controlled conditions is expensive and it requires a large area to 
be covered. For instance, the availability of Revamil honey produced using this method is 
limited to pharmacological products. These problems can be overcome by alternative honey 
production methods and the outcome is a novel scientifically-validated medicinal honey with 
similar bioactivity to the Manuka honey and other medicinal honeys, produced from a 
medicinal plant with high bioactivity. This product could, potentially, add value to the 
therapeutic properties of the honey and boost the honey and medicinal plant industries. Since 
S. aureus, including MRSA, P. aeruginosa and E. coli are major pathogens causing skin and 
soft tissue infections, Tulsi essential oil and Tulsi honey could be a valuable topical 
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antimicrobial agent for the management of skin infections caused by these organisms, or as a 
wound dressing to prevent infection. Early treatment or preventative measures may halt 
progression to more serious infections requiring systematic antibiotic therapy and reduce the 
risk of development of resistance to valuable antibiotics.  A key finding from this study was 
that HS-SPME could be used as a new and faster method suitable for the routine analysis of 
honey origin and for assessing multiple samples in a short time. Besides that, the floral and 
geographical origin identified by statistical data analysis could be used as an alternative to 
melissopalynology in the estimation of the origin of uni-floral honey. Furthermore, the data 
obtained from the volatile, mineral and phenolic analysis examined using Principal 
Components Analysis (PCA) could be used with the volatile compounds to improve the 
identification of the botanical source of the honey.  
The subsequent studies on antimicrobial and antioxidant activity and a valuation of factors 
contributing to the bioactivity of the honey were discussed in Chapter 6. The physical and 
chemical properties such as moisture, sugar concentration, pH, hydrogen peroxide level, 
mineral content, volatile and phenolic compounds were measured and a comparison of 
different honeys were performed. Furthermore, the formation and transference of volatile 
compounds from nectar into honey was investigated by comparing their presence within the 
plant parts (floral origin) and the honey produced from them. Major fundamental findings 
from this study confirmed that the high contents of antioxidants and bioactive volatile 
compounds contribute to the bioactivity of undiluted honey. To the best of my knowledge, 
this is the first report of honey research on the determination of the role of H2O2 in both the 
antibacterial and antioxidant activity of honey using human liver cells. The interaction of 
these compounds together gives honey its unique medicinal activity. Furthermore, the results 
of the antioxidant activity of Tulsi honey demonstrate that although the phenolic compounds 
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contribute greatly to this activity, they are not exclusively responsible for it. The total 
antioxidant capacity of honey is probably due to the combination and interaction of many 
compounds, as each one alone is present at too low a level to have a major antioxidant 
capacity. Examination of the antioxidant activity of Tulsi leaf extract, essential oil and Tulsi 
honey, showed them to be a rich source of natural antioxidants. Additionally, the volatile 
compounds present in Tulsi honey were produced using both methods compared together and 
with the volatile compounds present in Tulsi plant material including inflorescence, flower-
bearing nectar, leaves and essential oil to determine the mode of transformation. Furthermore, 
the mode of transformation of volatile compounds from plant into honey was addressed in 
this thesis by comparing their presence in the plant parts (floral origin) and in the honey 
produced from them. The main conclusion drawn from this analysis was that honey produced 
using the alternative honey production method has similar properties to other honeys. More 
interestingly, the discovery of the effect of a capping process was examined for the first time 
in this study. The capping process is affected by two factors: the moisture content and the 
sugar ratio. Moreover, the data obtained from the chemical analysis confirmed the differences 
between capped and un-capped honey and highlighted the importance of this procedure to 
ensure better honey quality and shelf life. Furthermore, the control honey fed to bees was 
analysed for the first time for its antibacterial and antioxidant activity, instead of the artificial 
sugar shrubs (a mixture of glucose, fructose and sucrose) that have served as a control in 
most previous honey research. 
The fundamental findings from this project highlight the gaps in the current knowledge of 
medicinal honey production identifying gaps that form the basis of future studies. It is clear 
from this study that procedures of honey production require future refinement by a 
subsequent study. Therefore, our RMIT research group has begun to produce medicinal 
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honey from the other two plant species A. rugosa and L. sibiricus using the conventional 
production method under controlled conditions. A replicate of the alternative honey 
production method has been conducted by another study using different plant species.  
Furthermore, the interaction between minerals and other chemicals present in honey was 
discussed briefly in (Chapter 6 section 6.3.4.5) clearly showing that further research is 
required to investigate the chemical interactions between minerals and other elements in 
honeys.  Future analysis is required to examine the mode of transformation of the volatile 
compounds from nectar into honey (Chapter 6 section 6.3.4.7). The total antioxidant capacity 
of honey is probably due to the combination and interaction of phenolic acids and flavonoid 
compounds with other elements in honeys, as each one alone is present at too low level to 
have a major antioxidant capacity. This finding also needs future analysis (Chapter 6 section 
6.3.4.7) to confirm it. To the best of my knowledge, this is the first report on honey chemical 
profiling combining volatile compounds, phenols and minerals in one PCA analysis. The 
results of this study (Chapter 5 section 5.5.3) suggested that the PCA analysis is a useful tool 
for the differentiation of the geographical and botanical origins of honeys. The results 
establish the possibility of using this method on a larger scale. However, to further improve 
the analysis using PCA, the number of honeys should be increased to achieve a better 
separation.  
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APPENDIX  
1 
Growth medium and treatment media stock and storage requirements for CAA assay. 
Growth medium 
WME 
Storage Stock Volume 
5% FBS -20 °C  5 ml 
Penicillin, streptomycin 
& l-glutamine 100x 
-20 °C Frozen in working 
aliquots at -20 °C 
1 ml 
10 mM Hepes 1 M Hepes 100 ml 4 ˚C  1 ml 
5 µg/ ml Insulin 
solution 10 mg /ml 
5 ml 4˚C protect from light  0.05 ml = 
50 µl 
0.05 µg/ml 
hydrocortison 
1 g room tem. 
1mg+ 1 absolute ethanol+19 
ml medium= 20ml 
50 µg/ml stock of 20 ml 
frozen in working 
aliquots at -20 °C 
0.1 ml = 
100 µl 
WME 4 ˚C  92.85  
Total volume     100 ml 
Treatment medium 4 ˚C WME with 2mM l-
glutamine (1ml) and 
10mM Hepes (1ml) 
100 ml 
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APPENDIX  
2 
 
 
The area response curve of a twofold dilution of Glucose + Fructose concentration starting from 5%  
y = 219217x + 117712 
R² = 0.95 
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The area response curve of a two-fold dilution of sucrose concentration starting from 5%  
 
 
 
y = 141666x + 33305 
R² = 0.9893 
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APPENDIX 3 
The calibration curves were measured using mixed standard solutions in a wide concentration range from 0.5 to 0.0125mg/L, one example 
Gallic acid the other standers R2 range from 0.99 to 0.98 
mg/ml Gallic Cholrogenic Vanillic Caffieic Syringic O-Coumaric Ferulic Cinnamic Rutin Hespertin 
0.0125 208.8 71.1 182.9 189.3 293.6 413.4 292 876.8 58 - 
0.125 2505.1 927.7 1646.2 2077.3 2973.2 4203.6 3037 9302.1 629.7 347.1 
0.25 5126.3 1856 3307.9 4247.4 5993.5 8487.7 6152.5 18962.6 1281.2 944.3 
0.5 10782.3 3865.9 6858.6 8948.2 12426.7 17755 12785.8 39440 2693.4 2389.9 
 
 
y = 21745x - 169.09 
R² = 0.9994 
0
2000
4000
6000
8000
10000
12000
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APPENDIX  
4 
Examination of the honey matrix effect on the RT of the phenolic compounds, by using spiked honey and 
compare them to the RT of the standard mixs of different phenolic sanders. 
Phenolics 
mg/ml Gallic Cholrogenic Vanillic Caffieic Syringic O-Coumaric Ferulic Cinnamic Rutin Hespertin 
STD-1 1.18 4.49 5.26 5.63 6.61 8.56 9.57 12.16 14.82 - 
STD-2 1.17 4.50 5.25 5.64 6.61 8.57 9.58 12.18 14.84 16.23 
STD-3 1.17 4.53 5.27 5.65 6.64 8.58 9.62 12.24 14.89 16.29 
STD-4 1.16 4.53 5.26 5.64 6.64 8.58 9.61 12.25 14.90 16.32 
STD-5 1.16 4.53 5.26 5.64 6.64 8.56 9.62 12.26 14.92 16.34 
STD- S 1.14 4.48 5.19 5.57 6.69 8.52 9.59 12.26 14.92 16.35 
CON- S 1.16 4.56 5.24 5.63 6.62 8.58 9.62 12.28 14.95 16.40 
TEC- S 1.16 4.24 5.22 5.61 6.61 8.56 9.62 12.13 14.93 16.37 
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APPENDIX  
5 
Volatile compound concentrations (%) in different types of honey identified using HS-SPME / GC-MS (results 
is an average of two or three replicates) 
 
Sidr honey 
NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
1 4.65 1-Butanol, 2-methyl-  1489526 000137-32-6 43 0.03 0.02 0.01 0.02 0.01 0.01 
2 24.87 Decanal  152729 000112-31-2 47 0.03 0.00 0.00 0.01 0.00 0.00 
3 19.71 LINALOOL 152729 000078-70-6 72 0.02 0.00 0.02 0.01 0.01 0.01 
4 23.23 LINALYL OXIDE<CIS->(PYRANOID) 5521964 014009-71-3 72 0.04 0.00 0.00 0.01 0.00 0.00 
5 19.92 NONANAL 46980361 000124-19-6 91 2.53 0.78 0.89 1.40 0.07 0.04 
6 6.29 OCTANE 5521964 000111-65-9 96 0.39 0.09 0.08 0.19 0.01 0.01 
7 40.74 Pentanoic acid 1786958 000000-00-0 83 0.03 0.03 0.00 0.02 0.02 0.01 
8 32.03 
Propanoic acid, 2-methyl-, 3-
hydroxy-  4088913 074367-34-3 86 0.17 0.07 0.00 0.08 0.05 0.03 
9 18.91 PYRAZINE <TETRAMETHYL-> 604195 001124-11-4 91 0.02 0.00 0.00 0.01 0.00 0.00 
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Manuka honey 
NO RT Area Library/ID  CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
1 13.41 2535938 1-(2-FURYL)-2-HYDROXYETHANONE $$ Furyl 
hydroxymethyl keton 
017678-19-2 86 0.31 0.40 0.39 0.37 0.05 0.03 
2 25.91 6564615 1,4-DIMETHYLINDANYL ACETATE 000000-00-0 91 0.80 0.72 0.89 0.80 0.09 0.05 
3 17.89 566191 17.85 ANISALDEHYDE <PARA-> 000123-11-5 72   0.07 0.12 0.10 0.04 0.02 
4 15.01 6096843 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-
pyran-4-one 
000000-00-0 91 0.74 0.59 0.93 0.75 0.17 0.10 
5 17.00 21834550 2-Furancarboxaldehyde, 5-(hydroxymethyl)- 000067-47-0 91 2.65 2.98 4.44 3.36 0.95 0.55 
6 13.65 914577 2-Furanmethanol, 5-ethenyltetrahydro-
.alpha.,.alpha.,5-trimethyl-, cis- 
005989-33-3 86 0.11 0.08 0.07 0.09 0.02 0.01 
7 27.25 3309204 2'-Methoxy-N-methyl-2-oxo-2-
phenylethylamine, PFP 
000000-00-0 86 0.40 0.47 0.45 0.44 0.03 0.02 
8 18.84 2788074 3,4-Methylenedioxyphenylethyne  057134-53-9 83 0.34 0.34 0.39 0.36 0.03 0.02 
9 13.18 2570893 4,5-Diamino-2-hydroxypyrimidine 000000-00-0 78   0.32 0.51 0.42 0.14 0.08 
10 13.30 2531181 2-Furancarboxaldehyde, 4,5-dimethyl 052480-43-0 72 0.31 0.41 0.46 0.39 0.08 0.05 
11 20.93 1893191 4,7,7-Trimethylbicyclo[3.3.0]octan-2-one  060064-73-5 86   0.23 0.26 0.25 0.02 0.01 
12 15.11 8734954 4-KETOISOPHORONE 001125-21-9 86 1.06 0.94 1.08 1.03 0.08 0.05 
13 28.80 2612002 7-methyl-5,5a,6,7,8,9-hexahydro-11H-
pyrido[2,1-b]quinazoline 
000000-00-0 72   0.33 0.28 0.30 0.03 0.02 
14 12.20 426153 CRESOL<ORTHO-> 000095-48-7 87   0.05 0.04 0.05 0.01 0.00 
15 18.57 2.25E+08 ACETANISOLE<ORTHO-> 000579-74-8 91 27.40 23.75 21.00 24.05 3.21 1.86 
16 13.05 6614126 ACETOPHENONE 000098-86-2 80 0.80 0.64 0.52 0.65 0.14 0.08 
17 20.01 1826345 Acetophenone, 4'-methoxy 000100-06-1 76 0.22 0.29 0.34 0.28 0.06 0.03 
18 8.67 1140912 ACETYLFURAN <2-> 001192-62-7 78 0.14 0.13 0.08 0.11 0.03 0.02 
19 10.20 2917003 BENZALDEHYDE 000100-52-7 94 0.36 0.26 0.15 0.26 0.10 0.06 
20 24.99 5436799 Benzaldehyde, 3,4,5-trimethoxy 000086-81-7 93 0.66 0.64 0.51 0.61 0.08 0.05 
21 22.63 12112580 Benzaldehyde, 3,4-dimethoxy-$$ Vanillin 
methyl ether  
000120-14-9 95 1.47 1.59 1.62 1.56 0.08 0.04 
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NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
22 12.47 1515749 BENZENE ACETALDEHYDE 000122-78-1 74 0.18 0.16 0.23 0.19 0.03 0.02 
23 14.81 5177139 Benzene, 1-ethenyl-4-methoxy- 000637-69-4 81 0.63 0.31 0.30 0.41 0.19 0.11 
24 23.08 16136988 Benzenepropanoic acid, .alpha.-hydroxy- 000156-05-8 90 1.96 2.33 2.31 2.20 0.21 0.12 
25 11.15 789319 Benzofuran 000271-89-6 91   0.10 0.11 0.10 0.01 0.00 
26 14.16 8661153 Benzofuran, 2-methyl- 004265-25-2 78 1.05 0.59 0.50 0.72 0.30 0.17 
27 22.43 7858533 Benzoic acid, 2-methoxy- $$ o-Anisic acid  000579-75-9 98 0.96 2.32 3.83 2.37 1.44 0.83 
28 24.62 63039778 Benzoic acid, 3,5-dimethoxy-, methyl ester  002150-37-0 97 7.66 7.66 5.39 6.90 1.31 0.76 
29 28.11 83193211  Methyl syringate  000884-35-5 96 10.11 12.31 11.13 11.18 1.10 0.63 
30 23.37 4629092 Benzoic acid, 4-hydroxy-3-methoxy-, methyl 
ester $$ Methyl vanillate $$  
003943-74-6 94 0.56 0.57 0.50 0.55 0.04 0.02 
31 23.64 2547336 CALAMENENE<TRANS-> 073209-42-4 87   0.31 0.37 0.34 0.04 0.02 
32 21.44 2142514 Acetophenone, 2'-hydroxy-6'-methoxy 000703-23-1 87 0.26 0.30 0.40 0.32 0.07 0.04 
33 15.49 12301006 Ethanone, 1-(2-hydroxyphenyl)- 000118-93-4 91 1.50 0.84 3.11 1.81 1.16 0.67 
34 6.50 10071077 FURFURAL  000098-01-1 91 1.22 1.82 0.93 1.32 0.46 0.26 
35 14.06 2966690 Hotrienol  020053-88-7 90 0.36 0.26 0.18 0.27 0.09 0.05 
36 13.98 862136 LINALOOL L 000078-70-6 87 0.11 0.06 0.04 0.07 0.03 0.02 
37 13.23 4739920 LINALOOL OXIDE<CIS->(FURANOID) 000000-00-0 80 0.58 0.37 0.36 0.44 0.12 0.07 
38 16.42 1670983 MYRTENAL 000564-94-3 94 0.20 0.13 0.14 0.16 0.04 0.02 
39 14.10 5174294 NONANAL 000124-19-6 83 0.63 0.28 0.29 0.40 0.20 0.12 
40 17.98 2264417 Nonanoic acid 000112-05-0 86 0.28 0.38 0.73 0.46 0.24 0.14 
41 19.12 3071530 Phenol, 2,4,6-trimethyl- 000527-60-6 94 0.37 0.49 0.90 0.59 0.27 0.16 
42 13.55 1590771 Phenol, 2-methoxy-$$ Guaiacol $$  000090-05-1 86 0.19 0.20 0.28 0.23 0.05 0.03 
43 14.28 1310199 Phenylethyl Alcohol 000060-12-8 80   0.16 0.13 0.15 0.02 0.01 
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Lavender honey  
NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
1 15.00 3535082 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-
4-one 
000000-00-0 83 0.82 1.32 0.96 1.03 0.26 0.15 
2 18.88 7345044 2,4-di(trimethylsiloxy)-6,7-(methylenedioxy)-2H-
1,4-benzoxazin-3-one 
000000-00-0 74 1.71 0.96 1.39 1.35 0.38 0.22 
3 16.97 10595427 2-Furancarboxaldehyde, 5-(hydroxymethyl)- 000067-47-0 94 2.46 6.20 3.99 4.22 1.88 1.08 
4 13.40 3027571 2-Furancarboxylic acid, hydrazide $$ 2-Furoic 
acid, hydrazide 
003326-71-4 86   0.44 0.70 0.57 0.19 0.11 
5 14.65 505579 2-Propanamine, N-methyl-N-nitroso- 030533-08-5 87   0.09 0.08 0.09 0.01 0.01 
6 28.02 912917 3,4,5-Trimethoxybenzoyl chloride 004521-61-3 72 0.21 0.12 0.10 0.14 0.06 0.03 
7 7.20 736904 3-Furanmethanol 004412-91-3 87 0.17 0.21 0.17 0.18 0.02 0.01 
8 13.04 423535 ACETOPHENONE 000098-86-2 83 0.10 0.06 0.10 0.09 0.02 0.01 
9 17.79 5472620 ANISALDEHYDE <PARA-> 000123-11-5 96 1.27 1.47 1.82 1.52 0.28 0.16 
10 10.19 2195566 Benzaldehyde 000100-52-7 95 0.51 0.25 0.45 0.40 0.14 0.08 
11 24.98 8783283 Benzaldehyde, 3,4,5-trimethoxy- 000086-81-7 98 2.04 0.54 1.00 1.19 0.77 0.44 
12 22.62 2712239 Benzaldehyde, 3,4-dimethoxy- $$ Vanillin 
methyl ether 
000120-14-9 95 0.63 1.07 0.57 0.75 0.27 0.16 
13 12.46 12236540 BENZENE ACETALDEHYDE 000122-78-1 91 2.84 1.68 2.24 2.25 0.58 0.34 
14 14.80 1495955 Benzene, 1-ethenyl-4-methoxy- $$ Anisole, p-
vinyl- $$ p-Methoxystyrene $$ 
000637-69-4 90 0.35 0.20 0.35 0.30 0.09 0.05 
15 14.15 1326631 Benzofuran, 2-methyl- 004265-25-2 93 0.31 0.16 0.26 0.24 0.08 0.04 
16 15.35 6741191 Benzoic acid  000065-85-0 83 1.57 0.88 0.80 1.08 0.42 0.24 
17 22.41 850620 Benzoic acid, 2-methoxy- $$ o-Anisic acid  000579-75-9 90 0.20 1.74 1.30 1.08 0.79 0.46 
18 24.60 7785296 Benzoic acid, 3,5-dimethoxy-, methyl ester (CAS) 
$$ Methyl 3,5-dimethoxybenzoate $$  
002150-37-0 97 1.81 0.76 0.85 1.14 0.58 0.33 
19 28.09 47661475 Methyl syringate $$  000884-35-5 96 11.07 5.98 5.69 7.58 3.03 1.75 
20 12.19 531313 BENZYL ALCOHOL 000100-51-6 97 0.12 0.09 0.22 0.14 0.07 0.04 
21 22.82 842364 Butanoic acid (CAS) $$ n-Butyric acid  000107-92-6 94 0.20 0.74 0.30 0.41 0.29 0.17 
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NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
22 19.06 1219171 3-METHYL-CINNOLINE  017372-78-0 74 0.28 0.27 0.20 0.25 0.04 0.03 
23 21.81 18015116 COUMARIN 000091-64-5 93 4.18 1.49 1.48 2.38 1.56 0.90 
24 13.72 625479 CYMENENE<PARA->   001195-32-0 72   0.10 0.15 0.12 0.03 0.02 
25 16.11 2177517 Ethanol, 2-(2-butoxyethoxy)- 000112-34-5 90 0.51 0.34 1.03 0.62 0.36 0.21 
26 25.89 2257217 Ethanone, 1-(2,4,5-trimethylphenyl)- $$ 
Acetophenone, 2',4',5'-trimethyl- 
002040-07-5 90 0.52 1.07 0.67 0.75 0.28 0.16 
27 8.67 567272 Ethanone, 1-(2-furanyl)-  001192-62-7 80   0.12 0.13 0.12 0.01 0.01 
28 6.49 11595810 FURFURAL 000098-01-1 90 2.69 2.32 1.98 2.33 0.35 0.20 
29 8.51 2466851 HEPTANAL (=ENANTHAL; OENANTHAL) 000111-71-7 83 0.57 0.41 0.58 0.52 0.10 0.06 
30 10.61 1197764 Heptanoic acid  000111-14-8 78 0.28 0.15 0.22 0.21 0.07 0.04 
31 10.45 634324 HEPTANOL<N-> 000111-70-6 78 0.15 0.08 0.18 0.13 0.05 0.03 
32 5.69 7245372 Hexanal 000066-25-1 95 1.68 0.72 1.35 1.25 0.49 0.28 
33 7.58 7133147 HEXANOL<N-> 000111-27-3 83 1.66 0.65 1.57 1.29 0.56 0.32 
34 14.05 1321366 Ho-trienol 000000-00-0 74 0.31 0.15 0.38 0.28 0.12 0.07 
35 13.96 2927794 LINALOOL 000078-70-6 86 0.68 0.20 0.37 0.42 0.24 0.14 
36 17.65 2592956 LINALOOL BUTANOATE 000078-36-4 74   0.21 0.60 0.41 0.28 0.16 
37 14.09 2244224 Nonanal  000124-19-6 83 0.52 0.26 0.48 0.42 0.14 0.08 
38 17.97 1919195 Nonanoic acid 000112-05-0 96 0.45 0.35 0.34 0.38 0.06 0.03 
39 13.30 3956274 ORCINOL  (=5-METHYLRESORCINOL; =3,5-
DIHYDROXY 
000504-15-4 72 0.92 1.16 0.93 1.00 0.14 0.08 
40 18.53 89293940 ACETANISOLE 000579-74-8 70 20.74 11.09 14.72 15.51 4.87 2.81 
41 14.89 13996619 Pentadecane, 2,6,10,14-tetramethyl$$ Pristane 
$$ PRISTANE (FIELD ION) $$ 
001921-70-6 92 3.25 1.66 2.41 2.44 0.80 0.46 
42 18.82 3240957 Phenol, 2-(1-methylpropyl)- 000089-72-5 78   0.72 0.75 0.73 0.03 0.02 
43 19.12 2057521 Phenol, 3,4,5-trimethyl- 000527-54-8 90 0.48 0.08 0.16 0.24 0.21 0.12 
44 14.26 2610733 PHENYL ETHYL ALCOHOL 000060-12-8 91 0.61 0.29 0.42 0.44 0.16 0.09 
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Multi-floral honey 
 
NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
1 34.56 1488986 
1H-Inden-1-one, 2,3-dihydro-3,3,6-
trimethyl- 054484-71-8 91 0.04 0.06 0.08 0.06 0.02 0.01 
2 32.75 23498616 
2,4,4-trimethyl-3-carboxaldehyde-5-
hydroxy-2,5-cyclohexadien-1-one  000000-00-0 90 0.61 1.50 1.50 1.20 0.51 0.30 
3 17.99 2552603 
2,5-Hexanedione, 3,4-dihydroxy-3,4-
dimethyl- 028123-56-0 72 0.07 0.03 0.06 0.05 0.02 0.01 
4 5.65 3706957 2-Butenal, 3-methyl- 000107-86-8 90 0.10 0.07 0.08 0.08 0.02 0.01 
5 11.86 2160976 2-Heptanone, 4-methyl- 006137-06-0 90 0.06 0.07 0.03 0.05 0.02 0.01 
6 3.37 791227 2-Pentanone 000107-87-9 80 0.02 0.03 0.30 0.12 0.16 0.09 
7 4.43 34626113 2-Pentanone, 4-methyl-  000108-10-1 80 0.90 0.15 0.12 0.39 0.44 0.25 
8 4.69 7610211 3-Pentanone, 2-methyl-  000565-69-5 91 0.20 0.21 0.35 0.25 0.08 0.05 
9 6.05 758958 3-Penten-2-one, 4-methyl- 000141-79-7 72 0.02 0.03 0.02 0.02 0.01 0.00 
10 37.73 1338357 Methyltricyclo[6,2,1.0(2,7)] 000000-00-0 90 0.03 0.08 0.08 0.06 0.02 0.01 
11 28.49 4553351 ACETANISOLE<ORTHO-> 000579-74-8 89 0.12 0.15 0.12 0.13 0.02 0.01 
12 2.89 10825567 Acetic acid  000064-19-7 86 0.28 0.57 0.50 0.45 0.15 0.09 
13 4.18 19560300 Acetoin  000513-86-0 86 0.51 1.64 2.57 1.57 1.03 0.60 
14 7.57 51042563 Acetyl valeryl  000096-04-8 91 1.32 1.67 2.10 1.70 0.39 0.22 
15 12.96 9418135 BENZALDEHYDE 000100-52-7 96 0.24 0.37 0.49 0.37 0.12 0.07 
16 19.30 1419349 Benzene, 1-methyl-4-(1-methylethenyl)- 001195-32-0 83 0.04 0.04 0.04 0.04 0.00 0.00 
17 17.01 8234752 Benzeneacetaldehyde 000122-78-1 91 0.21 0.21 0.26 0.23 0.03 0.02 
18 35.11 1569718 Bicyclo[2.2.1]hept-2-ene, 2-methyl- 000694-92-8 80 0.04 0.10 0.10 0.08 0.03 0.02 
19 2.95 5341446 Isovaleraldehyde  000590-86-3 90 0.00 0.17 0.18 0.12 0.10 0.06 
20 30.96 4636655 BUTANONE<3-HYDROXY-4-PHENYL-2- 005355-63-5 80 0.12 0.25 0.26 0.21 0.08 0.05 
21 5.39 486802 BUTEN-1-OL<3-METHYL-2-> 000556-82-1 90 0.00 0.02 0.02 0.01 0.01 0.01 
22 4.23 6421165 BUTEN-1-OL<3-METHYL-3-> 000763-32-6 94 0.00 0.17 0.22 0.13 0.12 0.07 
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NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
23 24.00 4467908 CYMEN-8-OL<PARA-> 001197-01-9 90 0.12 0.20 0.41 0.24 0.15 0.09 
24 16.09 8461486 CYMENE<PARA-> 000099-87-6 97 0.22 0.10 0.13 0.15 0.06 0.04 
25 24.98 5813429 Decanal  000112-31-2 81 0.15 0.12 0.13 0.13 0.01 0.01 
26 4.54 2852355 Disulfide, dimethyl  000624-92-0 95 0.07 0.06 0.13 0.09 0.03 0.02 
27 24.76 1966564 Dodecane  000112-40-3 83 0.05 0.03 0.00 0.03 0.03 0.01 
28 8.15 2478199 Ethanone, 1-(3-methyl-1H-pyrazol-4-yl)-  105224-04-2 83 0.06 0.05 0.10 0.07 0.02 0.01 
29 43.36 7435499 EUDESMOL<BETA-> 000473-15-4 95 0.19 0.20 0.17 0.19 0.02 0.01 
30 42.55 2092773 EUDESMOL<GAMMA-> 001209-71-8 99 0.05 0.08 0.05 0.06 0.01 0.01 
31 3.70 9459234 Furan, 2,5-dimethyl- 000625-86-5 91 0.25 0.26 0.29 0.27 0.02 0.01 
32 7.28 46101593 FURFURAL 000098-01-1 91 1.20 0.92 1.25 1.12 0.17 0.10 
33 20.55 1.74E+08 Ho-trienol 000000-00-0 83 4.50 5.62 5.93 5.35 0.75 0.43 
34 2.12 4956369 ISO BUTYRALDEHYDE 000078-84-2 86 0.13 0.08 0.09 0.10 0.03 0.01 
35 21.23 2.41E+09 ISOPHORONE 000078-59-1 91 62.52 60.56 56.86 59.98 2.88 1.66 
36 22.19 2.89E+08 ISOPHORONE<4-KETO-> 001125-21-9 97 7.49 10.69 9.22 9.14 1.60 0.92 
37 25.48 13211720 ISOPHORONE<4-METHYLENE->   000000-00-0 98 0.34 0.41 0.35 0.37 0.04 0.02 
38 3.07 4809654 ISOVALERALDEHYDE (2-METHYL)  000096-17-3 86 0.12 0.14 0.10 0.12 0.02 0.01 
39 22.30 12526752 Lilac aldehyde  067920-63-2 81 0.32 0.37 0.34 0.34 0.02 0.01 
40 19.88 7099164 LINALOOL 000078-70-6 90 0.18 0.21 0.11 0.17 0.05 0.03 
41 20.28 84420090 LINALOOL 000078-70-6 90 2.19 2.03 2.20 2.14 0.10 0.06 
42 19.18 5434341 LINALOOL OXIDE<CIS->(FURANOID) 005989-33-3 91 0.14 0.14 0.12 0.13 0.01 0.01 
43 18.39 28180936 LINALOOL OXIDE<CIS->(FURANOID) 005989-33-3 91 0.73 0.48 0.52 0.57 0.14 0.08 
44 15.28 20660643 Naphthalene, decahydro-, trans- 000493-02-7 80 0.54 0.51 0.65 0.57 0.07 0.04 
45 20.12 66978199 NONANAL 000124-19-6 80 1.74 1.31 1.14 1.40 0.31 0.18 
46 23.39 8172938 NONANOL<N-> 000143-08-8 87 0.21 0.17 0.22 0.20 0.03 0.02 
47 15.11 4873466 OCTANAL<N-> 000124-13-0 87 0.13 0.12 0.15 0.13 0.02 0.01 
48 6.19 1.53E+08 Octane  000111-65-9 60 3.96 1.25 2.43 2.55 1.36 0.78 
49 15.17 2509453 PHELLANDRENE.ALPHA.  001529-99-3 64 0.07 0.06 0.07 0.06 0.01 0.00 
 [216] 
 
NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
50 37.82 11038340 Phenol, 2,4-bis(1,1-dimethylethyl)- 000096-76-4 87 0.29 0.05 0.06 0.13 0.13 0.08 
NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
51 33.94 4195274 Phenol, 4-butyl-  001638-22-8 83 0.11 0.25 0.22 0.20 0.08 0.04 
52 40.98 3178034 propanediyl ester 074381-40-1 78 0.00 0.08 0.11 0.06 0.06 0.03 
53 32.21 4980930 
Propanoic acid, 2-methyl-, 3-hydroxy-
2,4,4-trimethylpentyl ester  074367-34-3 83 0.13 0.09 0.27 0.16 0.10 0.06 
54 24.52 3338530 SAFRANAL (=SAFRANINE) 000116-26-7 87 0.09 0.07 0.10 0.08 0.01 0.01 
55 24.22 18669892 Thiophene, 2,5-diethyl-  005069-23-8 86 0.48 0.42 0.73 0.54 0.16 0.09 
56 26.85 6470513 
THYMOQUINONE  (=P-CYMENE-2,5-
DIONE) 000490-91-5 90 0.17 0.06 0.00 0.08 0.08 0.05 
57 13.22 3094620 Trisulfide, dimethyl 003658-80-8 93 0.08 0.10 0.14 0.11 0.03 0.02 
 
Control honey 
 
NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
1 2.38 1359391.00 2,3-Butanedione 000431-03-8 72 5.55 1.46 7.09 4.70 2.91 1.68 
2 2.54 1994172.00 Acetic acid, ethyl ester  000141-78-6 80 8.14 0.61 5.27 4.68 3.80 2.19 
3 15.75 1931790.00 Ho-trienol 000000-00-0 90 7.88 4.64 11.12 7.88 3.24 1.87 
4 16.37 2834150.00 ISOPHORONE  000078-59-1 91 11.57 6.68 1.94 6.73 4.81 2.78 
5 14.58 1172874.00 LINALOOL OXIDE 005989-33-3 83 4.79 0.77 7.91 4.49 3.58 2.07 
6 15.63 1774745.00 L-LINALOOL 000078-70-6 45 7.24 1.41 6.08 4.91 3.08 1.78 
7 5.50 901584.00 OCTANE 000111-65-9 94 3.68 15.65 2.63 7.32 7.23 4.17 
 
 
 
 [217] 
 
Tulsi Natural honey 
 
NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
1 38.79 
1,2-Benzenedicarboxylic acid, 
bis(2-methylpropyl) ester 000084-69-5 90 1596374 0.07 0.06 0.03 0.06 0.02 0.01 
2 13.02 1-Hexanol, 2-ethyl- 000104-76-7 90 7230096 0.32 0.25 0.16 0.24 0.08 0.05 
3 18.24 1-Nonanol (CAS)  000143-08-8 74 11095522 0.49 0.33 0.26 0.36 0.12 0.07 
4 2.38 2,3-Butanedione 000431-03-8 72 8487691 0.38 0.20 0.03 0.20 0.17 0.10 
5 22.84 
2,4-di(trimethylsiloxy)-6,7-
(methylenedioxy)- 000000-00-0 74 42683124 1.89 5.95 5.74 4.53 2.29 1.32 
6 34.04 
2,6-Bis(1,1-dimethylethyl)-4-(1-
oxopropyl)phenol 014035-34-8 86 1527772 0.07 0.04 0.07 0.06 0.01 0.01 
7 11.73 5-Hepten-2-ol, 6-methyl- 001569-60-4 90 1383759 0.06 0.04 0.00 0.03 0.03 0.02 
8 22.22 ACETANISOLE<ORTHO-> 000579-74-8 91 4973781 0.22 0.16 0.16 0.18 0.03 0.02 
9 2.88 Acetic acid (CAS)  000064-19-7 90 4853305 0.22 0.08 0.11 0.14 0.07 0.04 
10 6.50 Acetyl valeryl  000096-04-8 78 733373 0.03 0.02 0.00 0.02 0.02 0.01 
11 21.45 ANISALDEHYDE <PARA-> 000123-11-5 95 1.66E+09 73.51 78.06 77.63 76.40 2.51 1.45 
12 12.70 ANISOLE<PARA-METHYL-> 000104-93-8 96 8219895 0.36 0.24 0.19 0.27 0.09 0.05 
13 10.58 BENZALDEHYDE 000100-52-7 96 65940232 2.92 2.45 1.97 2.45 0.48 0.28 
14 19.75 
Benzaldehyde, ethyl- $$ 
Ethylbenzaldehyde 053951-50-1 81 2445993 0.11 0.10 0.11 0.11 0.01 0.01 
15 13.55 BENZENE ACETALDEHYDE 000122-78-1 90 6268381 0.28 0.22 0.20 0.23 0.04 0.02 
16 22.64 Benzene, 1-methoxy-4-propyl- 000104-45-0 91 7078837 0.31 0.31 0.29 0.30 0.01 0.01 
17 31.17 
Benzoic acid, 3,5-dimethoxy-, 
methyl ester 002150-37-0 96 750550 0.03 0.02 0.15 0.07 0.07 0.04 
18 13.23 BENZYL ALCOHOL 000100-51-6 91 4453881 0.20 0.17 0.14 0.17 0.03 0.02 
19 29.25 BISABOLENE<BETA-> 000495-61-4 87 1637152 0.07 0.01 0.00 0.03 0.04 0.02 
20 25.04 Butanoic acid, hexyl ester 002639-63-6 80 4071457 0.18 0.15 0.17 0.17 0.01 0.01 
 [218] 
 
NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
21 24.07 
BUTANONE<3-HYDROXY-4-
PHENYL-2-> 005355-63-5 86 12322155 0.55 0.31 0.37 0.41 0.12 0.07 
22 18.77 
CRESOL<2-METHOXY-PARA->  
(=CREOSOL) 000093-51-6 93 12855100 0.57 0.28 0.16 0.33 0.21 0.12 
23 12.88 CYMENE<ORTHO-> 000527-84-4 91 996612 0.04 0.03 0.00 0.03 0.02 0.01 
24 15.29 CYMENENE<PARA->  001195-32-0 96 2525504 0.11 0.05 0.08 0.08 0.03 0.02 
25 25.24 DAMASCENONE<(Z)-BETA-> 000000-00-0 91 2000142 0.09 0.03 0.04 0.05 0.03 0.02 
26 19.46 DECANAL 000112-31-2 91 11435033 0.51 0.30 0.30 0.37 0.12 0.07 
27 24.81 Decanoic acid (CAS)  000334-48-5 97 2939077 0.13 0.07 0.03 0.08 0.05 0.03 
28 24.34 EUGENOL 000097-53-0 96 5633111 0.25 0.12 0.10 0.15 0.08 0.05 
29 6.37 FURFURAL 000098-01-1 91 1498670 0.07 0.05 0.00 0.04 0.03 0.02 
30 15.05 GUAIACOL<ORTHO->  ( 000090-05-1 93 5039852 0.22 0.19 0.20 0.20 0.02 0.01 
31 34.75 HEPTADECANE 000629-78-7 98 1481698 0.07 0.05 0.05 0.05 0.01 0.01 
32 3.49 Heptane 000142-82-5 87 977080 0.04 0.03 0.00 0.02 0.02 0.01 
33 31.98 HEXADECANE 000544-76-3 93 559393 0.02 0.03 0.00 0.02 0.02 0.01 
34 16.41 
ISOPHORONE  (=3,5,5-
TRIMETHYL-2-CYCLOHEXENONE) 000078-59-1 91 48857857 2.17 1.35 1.53 1.68 0.43 0.25 
35 17.25 ISOPHORONE<4-KETO-> 001125-21-9 94 22932835 1.02 0.70 0.91 0.87 0.16 0.09 
36 19.94 ISOPHORONE<4-METHYLENE->   000000-00-0 97 5415712 0.24 0.14 0.20 0.19 0.05 0.03 
37 17.95 Lilac aldehyde B 053447-46-4 72 10018532 0.44 0.28 0.33 0.35 0.08 0.05 
38 17.43 Lilac aldehyde C 053447-47-5 91 12966823 0.57 0.38 0.43 0.46 0.10 0.06 
39 15.65 LINALOOL 000078-70-6 87 19503470 0.86 0.49 0.55 0.64 0.20 0.12 
40 14.58 LINALOOL OXIDE 005989-33-3 72 6683622 0.30 0.15 0.22 0.22 0.07 0.04 
41 15.17 
LINALOOL OXIDE<CIS-
>(FURANOID) 005989-33-3 90 2299940 0.10 0.07 0.10 0.09 0.02 0.01 
42 18.93 METHYL SALICYLATE  000119-36-8 95 5171082 0.23 0.13 0.13 0.16 0.06 0.03 
43 45.41 MUSK AMBRETTE  000123-69-3 87 885035 0.04 0.03 0.04 0.04 0.00 0.00 
44 39.92 NONADECANE 000629-92-5 97 1489378 0.07 0.05 0.05 0.05 0.01 0.01 
 [219] 
 
NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
45 15.86 NONANAL 000124-19-6 94 97939761 4.34 2.27 2.39 3.00 1.16 0.67 
46 21.64 Nonanoic acid 000112-05-0 78 6816419 0.30 0.55 0.43 0.43 0.12 0.07 
47 21.96 Nonoic acid  000112-05-0 74 21328469 0.95 0.38 0.87 0.73 0.31 0.18 
48 12.10 OCTANAL<N-> 000124-13-0 97 7972047 0.35 0.20 0.21 0.26 0.08 0.05 
49 5.50 OCTANE 000111-65-9 95 28090068 1.24 0.87 0.68 0.93 0.29 0.17 
50 8.49 Oxime-, methoxy-phenyl- 000000-00-0 83 10560789 0.47 0.08 0.44 0.33 0.22 0.13 
51 29.06 PENTADECANE 000629-62-9 91 703064 0.03 0.02 0.00 0.02 0.02 0.01 
52 11.20 Phenyl alcohol 000108-95-2 87 2528602 0.11 0.08 0.06 0.08 0.03 0.02 
53 29.15 
Phenol, 2,4-bis(1,1-
dimethylethyl)-  000096-76-4 94 9562890 0.42 0.39 0.81 0.54 0.24 0.14 
54 23.09 Phenol, 3,4,5-trimethyl- 000527-54-8 94 5734104 0.25 0.21 0.20 0.22 0.03 0.02 
55 16.09 PHENYL ETHYL ALCOHOL 000060-12-8 91 4353173 0.19 0.13 0.14 0.15 0.03 0.02 
56 9.60 PINENE<ALPHA-> 000080-56-8 96 1880234 0.08 0.05 0.05 0.06 0.02 0.01 
57 19.08 TERPINEOL<ALPHA-> 000098-55-5 86 14230696 0.63 0.38 0.46 0.49 0.13 0.07 
58 25.97 TETRADECANE 000629-59-4 96 2097080 0.09 0.07 0.06 0.07 0.02 0.01 
59 4.74 Toluene 000108-88-3 94 2010020 0.09 0.15 0.00 0.08 0.07 0.04 
 
 
 
 
 
 
 
 [220] 
 
Tulsi Extract capped 
NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
1 34.72 1217972 (+)-Epi-bicyclosesquiphellandrene 054324-03-7 87 0.07 0.07 0.08 0.07 0.004 0.002 
2 43.18 4423149 .alpha.-Ylangene  014912-44-8 76 0.25 0.10 0.10 0.15 0.089 0.051 
3 24.47 1E+08 .BETA. FENCHYL ALCOHOL 000470-08-6 91 5.67 5.88 6.16 5.91 0.244 0.141 
4 14.04 14753651 1 OCTEN 3 OL 003391-86-4 90 0.84 0.83 0.57 0.75 0.150 0.086 
5 37.80 1424303 1-(2,4-dimethylphenyl)-2-phenylethne 078594-13-5 83 0.08 0.12 0.00 0.07 0.060 0.035 
6 23.63 11299270 1,8-menthadien-4-ol 000000-00-0 91 0.64 0.69 0.48 0.60 0.111 0.064 
7 42.79 5807882 
10,10-Dimethyl-2,6-
dimethylenebicyclo[7.2.0]undecan-5.beta.-ol 019431-80-2 93 0.29 0.31 0.00 0.20 0.174 0.100 
8 44.02 4361251 
13,14,15,16,17,18-Hexanorlabdano-
12,8.beta.-lactone  082079-91-2 90 0.25 0.22 0.00 0.15 0.135 0.078 
9 4.37 821289 1-Butanol, 3-methyl-, formate  000110-45-2 78 0.05 0.07 0.19 0.10 0.080 0.046 
10 3.55 3896555 2,3-Pentanedione  000600-14-6 86 0.22 0.14 0.11 0.16 0.058 0.034 
11 17.98 1632961 
2,5-Hexanedione, 3,4-dihydroxy-3,4-
dimethyl- 028123-56-0 78 0.09 0.12 0.26 0.16 0.088 0.051 
12 21.34 6390218 2,6-Dimethyl-1,3,5,7-octatetraene, E 000460-01-5 70 0.36 0.47 0.00 0.28 0.247 0.143 
13 5.68 2235480 2-Butenal, 3-methyl 000107-86-8 91 0.13 0.19 0.05 0.12 0.069 0.040 
14 8.30 1765097 3-Hexen-1-ol 000928-96-1 95 0.10 0.11 0.09 0.10 0.011 0.006 
15 26.59 3202676 
1,3-Cyclopentadiene, 5-methoxy-1,2,3,4,5-
pentamethyl-  114564-19-1 72 0.18 0.19 0.09 0.15 0.057 0.033 
16 2.75 5746556 Acetic acid  000064-19-7 80 0.33 0.29 0.59 0.40 0.163 0.094 
17 7.60 9403003 Acetyl valeryl  000096-04-8 91 0.66 0.70 1.06 0.81 0.222 0.128 
18 27.08 30531903 ANISALDEHYDE <PARA-> 000123-11-5 95 1.73 2.34 5.22 3.10 1.865 1.077 
19 13.00 7092740 BENZALDEHYDE 000100-52-7 95 0.40 0.52 0.57 0.50 0.087 0.050 
20 25.26 2621941  Ethylbenzaldehyde 053951-50-1 91 0.15 0.14 0.15 0.15 0.005 0.003 
21 17.03 3537638 BENZENE ACETALDEHYDE 000122-78-1 91 0.20 0.31 0.20 0.24 0.063 0.036 
22 41.16 4100501 Benzene, 2-ethyl-1,4-dimethyl- 001758-88-9 86 0.23 0.22 0.23 0.23 0.009 0.005 
23 34.91 13259600 BERGAMOTENE<ALPHA-CIS-> 064727-43-1 99 0.75 0.67 0.85 0.76 0.092 0.053 
 [221] 
 
NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
24 37.31 8258993 BERGAMOTENE<ALPHA-TRANS-> 013474-59-4 95 0.47 0.40 0.50 0.46 0.047 0.027 
25 37.96 48258347 BISABOLENE<BETA-> 000495-61-4 99 2.73 2.49 2.02 2.41 0.364 0.210 
26 44.39 2066677 BISABOLOL<ALPHA-> 025428-43-7 90 0.12 0.11 0.00 0.08 0.067 0.039 
27 23.31 23351042 BORNEOL L 000464-45-9 83 1.32 1.24 1.78 1.45 0.292 0.168 
28 3.07 764267 Butanal, 2-methyl-  000096-17-3 90 0.04 0.05 0.12 0.07 0.040 0.023 
29 2.95 1032723 Isovaleraldehyde 000590-86-3 86 0.06 0.08 0.14 0.09 0.040 0.023 
30 5.42 1155297 BUTEN-1-OL<3-METHYL-2-> 000556-82-1 83 0.07 0.08 0.11 0.08 0.022 0.012 
31 4.25 1639622 BUTEN-1-OL<3-METHYL-3-> 000763-32-6 93 0.09 0.10 0.00 0.07 0.056 0.033 
32 43.46 16303559 CADINOL<ALPHA-> 000481-34-5 96 0.92 0.84 0.84 0.87 0.047 0.027 
33 12.44 29831826 CAMPHENE 000079-92-5 97 1.69 1.69 2.06 1.81 0.214 0.123 
34 22.47 3547961 CAMPHENE HYDRATE 064474-11-9 91 0.20 0.20 0.18 0.19 0.012 0.007 
35 22.17 3.21E+08 CAMPHOR 000076-22-2 94 18.19 16.06 16.85 17.03 1.077 0.622 
36 40.71 9273609 Caryophyllene oxide 001139-30-6 94 0.53 0.53 2.63 1.23 1.215 0.701 
37 34.30 47264121 CARYOPHYLLENE<E-> 000087-44-5 99 2.68 2.35 2.71 2.58 0.200 0.116 
38 16.52 1.35E+08 CINEOLE <1,8-> 000470-82-6 83 7.67 6.21 6.05 6.64 0.894 0.516 
39 39.25 60463809 CIS-.ALPHA.-BISABOLENE 017627-44-0 98 3.42 2.98 0.40 2.27 1.632 0.942 
40 32.48 6279292 COPAENE<ALPHA-> 003856-25-5 98 0.36 0.32 0.34 0.34 0.017 0.010 
41 36.80 7529064 COPAENE<BETA-> 018252-44-3 90 0.43 0.40 0.22 0.35 0.110 0.063 
42 16.13 13011521 CYMENE<ORTHO-> 000527-84-4 97 0.74 0.75 0.46 0.65 0.166 0.096 
43 19.36 3299325 CYMENENE<PARA->  001195-32-0 95 0.19 0.49 0.21 0.29 0.167 0.096 
44 32.60 6115308 DAMASCENONE<(E)-BETA-> 023726-93-4 92 0.35 0.33 0.33 0.33 0.011 0.006 
45 33.07 4041463 ELEMENE<BETA-> 000515-13-9 83 0.23 0.21 0.14 0.19 0.044 0.026 
46 34.62 1257029 
Ethanone, 1-[4-(1-methyl-2-
propenyl)phenyl]- 109586-49-4 91 0.07 0.10 0.00 0.06 0.051 0.029 
47 31.47 1.05E+08 EUGENOL 000097-53-0 96 5.93 7.12 6.04 6.36 0.659 0.381 
48 25.88 1250053 exo-2-Hydroxycineole 092999-78-5 78 0.07 0.11 0.34 0.18 0.148 0.086 
49 36.96 3620003 FARNESENE<(E)-BETA-> 018794-84-8 93 0.21 0.18 0.54 0.31 0.204 0.118 
50 7.30 3523844 FURFURAL 000098-01-1 91 0.20 0.24 0.99 0.48 0.442 0.255 
 [222] 
 
NO RT Area Library/ID CAS Qual %  R1 %  R2 %  R3 AVG SD SE 
51 20.15 89626924 Hotrienol  020053-88-7 90 5.08 6.26 6.58 5.97 0.793 0.458 
52 35.76 5417793 HUMULENE<ALPHA-> 006753-98-6 99 0.31 0.28 0.39 0.32 0.055 0.032 
53 20.92 1.64E+08 ISOPHORONE  000078-59-1 91 9.30 12.03 14.22 11.85 2.465 1.423 
54 16.38 54268032 LIMONENE 000138-86-3 96 3.07 3.10 1.87 2.68 0.702 0.405 
55 19.94 24997301 LINALOOL 000078-70-6 90 1.42 1.45 1.25 1.37 0.108 0.062 
56 19.23 4719878 linalool furanic oxide Z and E 000000-00-0 72 0.27 0.42 0.58 0.42 0.154 0.089 
57 18.44 19167451 LINALOOL OXIDE<CIS->(FURANOID) 005989-33-3 86 1.09 1.33 1.71 1.38 0.315 0.182 
58 33.67 1517336 LONGIPINENE<BETA-> 041432-70-6 90 0.09 0.10 0.06 0.08 0.021 0.012 
59 31.26 2816832 MUUROLA-3,5-DIENE<CIS-> 000000-00-0 80 0.16 0.19 0.00 0.12 0.103 0.059 
60 38.32 10190436 MUUROLA-3,5-DIENE<CIS-> 000000-00-0 89 0.58 0.41 0.17 0.38 0.205 0.118 
61 38.09 5113852 MUUROLA-4(14),5-DIENE<TRANS-> 000000-00-0 76 0.29 0.28 0.00 0.19 0.164 0.094 
62 37.53 4026307 MUUROLENE<ALPHA-> 031983-22-9 94 0.23 0.20 0.11 0.18 0.064 0.037 
63 14.47 12293060 MYRCENE 000123-35-3 94 0.70 0.70 0.26 0.55 0.251 0.145 
64 22.39 3299482 NEROL OXIDE 001786-08-9 91 0.19 0.26 0.25 0.23 0.040 0.023 
65 17.31 77206057 OCIMENE<(E)-BETA-> 027400-72-2 97 4.37 4.80 2.82 4.00 1.039 0.600 
66 6.21 65858448 OCTANE 000111-65-9 95 3.73 1.50 0.92 2.05 1.482 0.856 
67 14.88 1612764 OCTANOL<3-> 000589-98-0 83 0.09 0.10 0.05 0.08 0.026 0.015 
68 41.54 2044725 oplopenone 028305-60-4 80 0.12 0.11 0.61 0.28 0.285 0.165 
69 10.49 10521675 Oxime-, methoxy-phenyl- 000000-00-0 83 0.60 0.58 0.37 0.51 0.129 0.075 
70 37.87 8430092 Phenol, 2,4-bis(1,1-dimethylethyl)- 000096-76-4 94 0.48 0.33 0.59 0.46 0.132 0.076 
71 20.49 2031608 
PHENYL ETHYL ALCOHOL (=2-PHENYLETHYL 
ALCOHOL; 000060-12-8 87 0.12 0.40 0.24 0.25 0.144 0.083 
72 11.68 19577698 PINENE<ALPHA-> 000080-56-8 94 1.11 1.05 1.25 1.13 0.104 0.060 
73 16.79 5505249 PINENE<ALPHA-> 000080-56-8 90 0.31 0.23 0.30 0.28 0.045 0.026 
74 13.78 15508040 PINENE<BETA-> 000127-91-3 93 0.88 0.86 0.84 0.86 0.020 0.011 
75 32.31 2580061 
Propanoic acid, 2-methyl-, 3-hydroxy-2,4,4-
trimethylpentyl ester  074367-34-3 83 0.15 0.21 0.21 0.19 0.035 0.020 
76 23.72 18270352 TERPINEN-4-OL 000562-74-3 78 1.03 0.87 0.63 0.84 0.204 0.118 
 [223] 
 
77 15.75 1910145 TERPINENE<ALPHA-> 000099-86-5 94 0.11 0.11 0.12 0.11 0.006 0.003 
78 17.81 11451811 TERPINENE<GAMMA-> 000099-85-4 94 0.65 0.68 0.32 0.55 0.199 0.115 
79 19.13 4509891 TERPINOLENE 000586-62-9 91 0.26 0.30 0.19 0.25 0.055 0.032 
81 43.06 7555604 t-Muurolol  019912-62-0 81 0.43 0.31 0.00 0.25 0.221 0.128 
82 11.14 1095343 TRICYCLENE 000508-32-7 96 0.06 0.06 0.07 0.06 0.006 0.004 
 
Tulsi Extract uncapped 
 
NO RT Area Library/ID CAS Qual %  R1 %  R2 AVG SD SE  
1 18.15 1626447 .BETA.-D3-1-PHENYLETHANOL-1  017537-32-5 58 0.22 0.21 0.21 0.00 0.00 
2 14.48 7418057 .beta.-Myrcene methyl-1,6-oct 000123-35-3 76 0.99 0.26 0.62 0.51 0.36 
3 23.24 6153926 .delta.-terpineol 000000-00-0 78 0.82 0.63 0.72 0.13 0.09 
4 20.07 16169301 1,5,7-Octatrien-3-ol, 3,7-dimethyl- 029957-43-5 78 2.15 1.99 2.07 0.11 0.08 
5 16.52 1.05E+08 1,8-Cineole  000470-82-6 98 13.91 19.36 16.64 3.85 2.72 
6 23.63 5077938 1,8-menthadien-4-ol 000000-00-0 81 0.68 0.21 0.44 0.33 0.23 
7 14.04 4802810 1-Octen-3-ol $$ Amyl vinyl carbinol  003391-86-4 90 0.64 0.76 0.70 0.08 0.06 
8 7.59 962645 Acetyl valeryl 000096-04-8 90 0.13 0.35 0.24 0.16 0.11 
9 27.06 4075203 ANISALDEHYDE <PARA-> 000123-11-5 94 0.54 0.41 0.48 0.09 0.06 
10 34.91 8217649 BERGAMOTENE<ALPHA-CIS-> 064727-43-1 99 1.09 1.25 1.17 0.11 0.08 
11 37.30 3566981 BERGAMOTENE<ALPHA-CIS-> 064727-43-1 97 0.47 0.55 0.51 0.05 0.04 
12 22.89 
1025572 Bicyclo[2.2.1]heptan-2-ol, 1,7,7-
trimethyl-, exo-  000124-76-5 58 0.14 0.28 0.21 0.10 0.07 
13 39.23 30356561 BISABOLENE<(Z)-ALPHA-> 070332-15-9 86 4.04 0.17 2.11 2.73 1.93 
14 37.95 25271305 BISABOLENE<BETA-> 000495-61-4 99 3.36 2.95 3.16 0.29 0.21 
15 23.30 14413529 Borneol 000507-70-0 74 1.92 2.00 1.96 0.06 0.04 
16 32.79 1587137 BOURBONENE<BETA-> 005208-59-3 93 0.21 0.17 0.19 0.03 0.02 
17 32.32 2797075 BUTYL BUTANOATE  000109-21-7 78 0.37 0.67 0.52 0.21 0.15 
 [224] 
 
NO RT Area Library/ID CAS Qual %  R1 %  R2 AVG SD SE 
18 37.53 1360550 CADINENE<ALPHA-> 082468-90-4 83 0.18 0.20 0.19 0.01 0.01 
19 38.31 3908550 CADINENE<DELTA-> 000483-76-1 93 0.52 0.21 0.36 0.22 0.16 
20 43.45 3582687 CADINOL<ALPHA-> 000481-34-5 98 0.48 0.24 0.36 0.17 0.12 
21 12.44 8660822 CAMPHENE 000079-92-5 94 1.15 1.82 1.49 0.47 0.34 
22 22.46 2437422 CAMPHENE HYDRATE 064474-11-9 94 0.32 0.25 0.29 0.06 0.04 
23 22.14 2.13E+08 CAMPHOR 000076-22-2 93 28.29 32.79 30.54 3.18 2.25 
24 19.13 1557855 CARENE<DELTA-2-> 000554-61-0 94 0.21 0.12 0.16 0.06 0.04 
25 34.29 21675519 CARYOPHYLLENE<E-> 000087-44-5 99 2.88 3.64 3.26 0.54 0.38 
26 32.47 3926132 COPAENE<ALPHA-> 003856-25-5 99 0.52 0.56 0.54 0.03 0.02 
27 16.14 3363937 CYMENE<ORTHO-> 000527-84-4 97 0.45 0.35 0.40 0.07 0.05 
28 32.60 2216125 DAMASCENONE<(E)-BETA-> 023726-93-4 96 0.29 0.33 0.31 0.02 0.02 
29 31.45 75115400 EUGENOL 000097-53-0 97 9.99 3.27 6.63 4.76 3.36 
30 36.96 1691147 FARNESENE<(Z)-BETA-> 028973-97-9 94 0.23 0.28 0.25 0.04 0.03 
31 36.80 3081531 GERMACRENE D 023986-74-5 96 0.41 0.49 0.45 0.06 0.04 
32 35.76 2429165 HUMULENE<ALPHA-> 006753-98-6 99 0.32 0.34 0.33 0.01 0.01 
33 20.83 28166365 ISOPHORONE  000078-59-1 91 3.75 3.32 3.53 0.30 0.21 
34 16.37 11740695 LIMONENE 000138-86-3 96 1.56 1.75 1.66 0.13 0.09 
35 19.92 6820711 LINALOOL 000078-70-6 90 0.91 1.28 1.09 0.26 0.19 
36 18.44 4812910 LINALOOL OXIDE<CIS->(FURANOID) 005989-33-3 90 0.64 1.00 0.82 0.26 0.18 
37 36.29 1318330 MUUROLENE<GAMMA-> 030021-74-0 80 0.18 0.30 0.24 0.09 0.06 
38 17.29 20317222 OCIMENE<(E)-BETA-> 027400-72-2 97 2.70 2.97 2.84 0.19 0.13 
39 6.22 2252643 OCTANE 000111-65-9 91 0.30 2.05 1.18 1.24 0.88 
40 10.52 19037432 Oxime-, methoxy-phenyl- 000000-00-0 83 2.53 0.17 1.35 1.67 1.18 
41 37.86 7039938 Phenol, 2,4-bis(1,1-dimethylethyl)- 000096-76-4 94 0.94 2.34 1.64 0.99 0.70 
42 11.69 5837277 PINENE<ALPHA-> 000080-56-8 94 0.78 1.17 0.97 0.28 0.20 
43 13.78 3430708 PINENE<BETA-> 000127-91-3 93 0.46 0.69 0.57 0.16 0.12 
44 31.27 
2557898 Propanoic acid, 2-methyl-, 2,2-
dimethyl-1-  074367-33-2 47 0.34 0.61 0.48 0.19 0.14 
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45 23.71 11780382 TERPINEN-4-OL 000562-74-3 95 1.57 0.92 1.24 0.46 0.32 
46 17.81 2764197 TERPINENE<GAMMA-> 000099-85-4 97 0.37 0.34 0.35 0.02 0.02 
47 24.43 36442612 TERPINEOL<ALPHA-> 000098-55-5 86 4.85 3.66 4.25 0.84 0.59 
48 19.23 1563416 TRANS-LINALOOL OXIDE 000000-00-0 72 0.21 0.28 0.25 0.05 0.04 
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